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HONUAL QBRJECTIVES
Thia manual desceribes Lhe VAX-11 COROCL-74 ¢ompller. It Giscudses Lthe
relationanine  petwesh  the COROC-Y4 languaga, the compller; objoct
maddulez and executable images, and VAR VHS o and  icE utilities. The
Tzet's Guide supplements the deseription of the COBIL-T74 pragcamming
lanyuage in the vAX~-1l COBCE-74 Language Eeference Manual.
INTENTED AUDIENCE
This manual is deszigned for programmets who nave a working  koowledge
of the C0BCL-Td language end who gre famillar with bhe hasile gonceptn
af WAKAVMS.
ATRUCTURE OF THIE DCCUMENT
The Usar's Guide is crganized inke chapterz  and  appendixes  thak
deactice funationa, concoepts, and  Foatures of the VAXE-11 CCBOL-74
language E¥sied.
ASEQCIATED DOCUMENTS
Tnis manual rtelers So :he followlng  Jacumionkts, whluh contaln
supplemental infarmaticn that ia relavant to VAXK=11l COBOL=-T4
programel ng :

o VWil-11l COBOL-74 Language RBeference Manual
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CHAPTER 1

TRTRONOCTTOM

The WAX-11 COECL-T4 ¢ompiler branfiales WNS-T4 COGOL 2ourge  pragrams
ints relocatable object modules; it runs under the papervision of
VAKSVMS.

To cwh & COBOL progcam, yYou lallow a four-Step poocess:
- Frepare o SOUICE RLGIAC
= Compile a soukce program
» Link object modules ints an executable image file

L Execute the image

The WAX-1l COROL-74 compller accept:s COBOL sworce  statesents  Erom
gagree  1nput  [lles. This wmeans  that wvou must manuelly anber yout
aogurce eBbtatements onto an acceptabhle medium prior o the campilzticn
ProceEd.

Once wou havwe decided vpor a2n inpat mediom and farmatr for your ecoarce
input filee and hawve ctealked them, vou corplle Lhe eource program.
The YAK-11l COBOL=-74 compiler reads scurce statem=nts from the source
Input flle and translates  thoem Lnke an obdleck module coaslsting of
program sectiens (PSECTs). It <an alse preduse a Source  pPEogram
listing wilth aptiopel speclal-purposs listings, =such az a magp and
ctogs=reference. Chapkter 2 describez the procedure for compiling
ptograms and epecifving compiler optiaone.

The compiler rcan complle only ane gource program of sSubprogram st &
time. Therefore, a program that consists of a maln pregram and ane or
mare subprograms reguires mualtizle exacotions of the rcompiler. Each
campilation genecates a separate listicg and object module.

The compiler produces an objecti module, which must be linked by the
Vhi-11 Linker to produce an execokable image file. The linker can
comnbing soveral Lndegendently cosmpiled abject modules  Inkx & single
ereslbakle image; the apility to compile COBOL guborograme to produce
lirkable object modules ensbles you o create modular prodrass.



The image is an execuktable form of bthe declarations apd Instructions
in wour CCROL  soarce DIOQrams. It includes subpragtams that were
included by the Licker 4% a rasult of wour commands, TL also includes
raukinea from the CQOBOL ruk-time system (BLS), wnich is o library of
predefined generalized procedurses that pesform standard functions f£or
YLUD @PTOYEam.

Figare 1-1 Eehows the process of preparing a COBECL program f£arc
execution.
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Figare 1-1
Building ac Execuctazle Imags
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CHAPTER 2

ASING THE WhE-11 CORQT.—74 SYSTEX

Thiz c¢hagter dlscusses the proecedures for creating, comgiling,
iinking, and exacuking CONMOT. orograms.

4.1 CEERTING A SOURCE PHROGEMLM

Before wau can campile a COBOL program, you qust decide on the source
reference forme:t and gprepate your Raurse peodcam for Loput to the
compilarc.

2.1,1  cChacsing a Relerence Pormat

The VAX-11l COROL-74 ¢compller van accept source programa  in either
conpventional or Lerminal reflorana: Iormak (hath are described in the
WaX-11 CoBOL=T74 Reference HManuwal). Nowevelb, vau canhat 5k teforonoe
formats in the same source prograrc [(inaeloding bext copled Erom a COBIL
library].

Terminal Tormak was Jdesigoed Yo e easily uwsed by programmera  at
intevactive Lterminals; therelore, the comeiler accepts terminal
reference format as a default and alleowe you Lo uEee 3 commard
gualifier to specify conventional format. The terminal formak can
Teduce bhe amaunt of Eile space neseded to store S0urce programs. In
addition, it 18 wusualiv wvasice to odit poures pregrams written in
terminal format, bocause spacing cequirements are more flexikble.

Wou o may want to select the copventional reference farmak, however, 1
your C0OBOL program was originaily writben that way for anckhe
conpiler.

£
C

Tow can cunvert a terminal format prograc to  conventionsl  format oy
uglng  the REFGEMAT utility, wnich is described in Chapter 8. You can
alas uwge HZEPFURMAT te match ke formaks ol saurge tiles and  COBCL
lihvary filvs LE tnev are not the same.



2.1.2 Entering a S&urce Program

Tou can create a source peegram 11le oy usirng the vexX vHMS CREATE
commatd  or a3 text cditer. CREATE can be poagd opnly for a mew fileg
you muat uge & ket edikor ko change exiskcing goorce files, Mok
users rely on text editors for ootk creatinog and wpdating eaurce
file=s.

Thlesz you =pecilfy & llle type for tke sovcece program f£ile in the
command  linme, which iz descrited in the next section, the compiler
azeumes C0R ag a default; therefore, vyoua can simpiify compilirg by
nacing source files with the defaunlr file type.

The CREATE conmand is desceibed In bEke VAXAYME Command Language Usee’'s
Guide; the VAX/VMS Text Bditlng Referenees Manual d1scusses the 303
and SLE toxk aditars.

2.2 USING THE COMFILER

The VAXE-1l COBOL-74 compiler tcanslabes sSaurce statements into  object
modulea that contain relocatacle opde. Ik <an alse produce a listing
of eource statements ané other informatioc if youw 02e bhe  zpproapriate
command qualifiers. Thiz sectidn describes the pracedure  for
complling your soutce prograry it discusses the CIOBIL cdameand Line
and the ercor message sammacy. Finmally, it lists some cammon eIrcors
to avelid in entering eompller commatn] line=. Appendix C discusses the
conpancnks of the source program listing.

2,2,1L The Command Line Format
The WAX-11 CORQL-T4 command line kas the foliowing Ecccat:d
COBCLACTY [Aoommand-gqualifiers] filev-suca
where:
COBOLACTA specifies the VAXE-11 COBOL-74 compilaor.
Soommand-gualifiers gpecify compilar uotiovns.
[ile-gper gpezilirs Lhe file that conktsina  the CO30L
zonrce  praogetam.  Lf wyou do not sepply a file
Lvpe in the file specificatiorn, the rcoopiler
nsaa DOE a3 the defasulr.

oo nok  uae wild cards ico the file
gpecification.
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2.2.2 Command Qualifiers

Vhi-11 COBAL-74 provides a series of commatd gualifiers Ehat you can

Lo

te select ar supsreas oompiler option=. Table 2=1 aummarizes the

gualifiers, whick are then descrihed in detail.

Tab e -1
Codimand Quallflera

gualifier Default |
SIEOTANS] EGRMAT SHOAHST_FORMAT
FIECICOFE LLST SCOPY LIST
SOHNGICROES HEFERENTE SHOCROSS _RARFRRRERCE
S Mo oEROG JHIDEBRNG

SIHOILIST |=file-spou]

LN ey VA SHOMAP

AHO)CEIECT [=file~-cspes]

H[NU]UERE_LUE&TIUﬂ fHDVEHH_LGCATlDH

S RO WA RNINGE FWBENINGS

FANS L PORHLT
FHOANS L PORKAT

[cdicates whether the scurce proegram (5 in ANED  (vonvecotiooal)
fecrmat or in DISITAL's terminal foemat,

For conventiaral Formatbk, the cozpiler expecta Bl-characlst imagez
withk optional segquence numbers in character positions 1-6,
indicators in position 7, Area A beginning in pogicion 4, Area B
neginning ir position 12, apd the identification area Ln
poesiztions T72i-d0,

ny nefault, the compiler assumes that Ethe source Zile 1 Lo
terminal formakt; that is, Acfca & beding in ceoocd position 1.

FCOTY_LIST
JHOCORY LTRT

Conktrols whether slatesmentz included by COPY  atatemente in the
gource program are printed in the listing £ile.

JUCPY LIST is the aefault: the cempiler includes all sauwroce
gtakemsents in Lhe saurce lieting.

FHGCOPY LI8Y suppresses the listing of Text copliecd from  llsrary
files; ocly the COPY statement asppears in the liskbing file.

FCRNSE_PEFEREHCE
FHUOCROES REFERENLE

Contocols  whether the saurce Program listing includes a
cragg-reference liating.
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FCROSE REFERENCE produces a ctosa-reference lieting &8 pate of

the liatirg file, The compiler BorLE data=-names and
arocedure-names inke ascending order and listz them with the
source projram line npumkers on which they appear. on tha

listing, tne symool # indicates the source line an whlch the name
ls defined. H¥obte that the use of SCROSS REFERBHNCE slgnificantly
Slows down the complilation of LArge programs.

By default, the compiler does2 not create 2 2 coroge=reference
li=zting.

SOEBUG [=THACEERCK]
SWADEGIIG

Controals whether the compiler produces traceback information  and
lacal symbol table information for the debugger.

FDERDG allows vwou ko refer to daka ltems by data-name, end  tao
Procedure Divisien lacebkions by line number; It generates bath
tracekbarcs and symbol table informatcion. SDBERNG=TEACERACE
produces tracshagck informaklan anly; SHCODERLDG generates neicher.
The defaultk is MMOOEGTG.

Chapter 9 discusses COBJL prugram debugoing using the VAXLSVHS
Syobolic Deouggser.

ALIST [=[11e—spor]
AHOLIST

Conktrals whoether the compller produces an oukpot listing.

Lf you use the COoBOL/CYd rpcommand in interactive mode, the
compiler, by defanlt, does not create a listing Eile.

If the C2OBOLSCT4 command is executed from a bateh job, AFLIST is
the default.

What vau specify ALIST, vou can conteol the defaults applled ko
the aubtput File specificatlon by whete you place the guelifier in
the commard, 23 desecribed in the VRX/YME Command Language User's
Guide,

The oucput £ile type always defaulte to LIS.

FHAE
FAHOMAPR
S¥ARP cauzes the compliler 9 pooduce the following cepdcts Ln the
listing file:
¢ Data Division Map
# Praocadute Kap
# External Sobprograsa Referenced
& Dakta and Cantral PEROTS
&% RT3 Routings Refercncad
& Jaegmentatlaon Map
FHCHMAP ie the Jalault,
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JORIECT [=file-mper]
JHCOBJIECT
Cantrals whether the compiler produaces an skject file.

BY defauls; the compliler prodoces an abject file with  the  =same
file name as the ipput f£lle and & File tvpe of 0BT, The compiler
alego vzesz the default file type of CBJ when vou incliude a file
specification with +the AOBJECT gqualifier that Jdouvs bot have a
file kype.

SYERE LOCATIGN

FHOVERE LOCRTION
Indicatee whekher the cutput liating produced Ly the compiler
shows the object lorcation <f each werb Lo the Sturce program,

The lacation appears an the line befoare the source line in which
the verb 12 uaaed,

The default ie (MNOVERE LIOCATION.

SHBBRH THGE

JHOHARNTNGS
Canttals whether the campiler printe informsatiopnal diagnostic
messages a3 Well  as warering and fatal diagnostic messsges. By

default, the compiler prclits informational d1agnoslica; epecify
JHOWARNINGS Ea supprees them.

Consider the frllowing command line examples:

COBOLCT4/DEBUG FROGA

Produces an ohject module File FPROGALOEJ from the socurce
file PRCEL.COB.

COEOL TN LIGT/DERNG/OEIECT=TESTE &l12

UTses the Ssoutcae File Al2.00B to prodoce  object  module
TESTE.DOBJ and & soutce listing in £ile nlz.L15.

COBOL,/CT4/L1ST/CRO5S REFERENCE PAYROTT
Daes Ebe source file PAYROLL.COE te produce chject  modala:
FAYROLL. ORI &rd a acurce listicg with crooss referonge in

file IBYREOLL.LIS.

The debugger cannot reference data items by data-name  in
this module bogcawse the fDEBDG gualifierc is not specified.

CoOBOL/CT4/LIST=RPFTE . REF/LERUG,/MAF REPORTS.THT

Uzes Ehe sonrce file REPORTE.LET to produce object  madule
REPCETE.QOBJ and & 2ource listing witkh map in £ile RIPTE.RET.
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2:2,3 Erroy Meesage summarcy

1f the compiler detecta any ertors during a compilation, ikt displavs
an error Tesgage  gummary on the EByectem output device. Fhe errcor
meseaje summary nas the followicg Ewecmat:

74 -— nonon EERJE(S), ncnon FATRL

NOTTE

If any £atal errors oocur, the compiler
does not generake an abject file.

£.2.4 Commot COPOL-74 Command Line Ercocs
Same corman creors ta avald when entering COROL-74 cammand line= are:

. Cmitting the fANSI POBRKAT qgualifiar for source proudrams  thak
are in conventional format.

] Inpcluding contradictary gqualifiers, =such &3 SMaP? without

AL1ET,

a tmitting versich humbers from file specificawione when you
wanL Lo compile olher than kthe latest wersion of & source
file.

. Foryetting to use o file type in the file specification when
you intend ta use o create a file with other than the
deefanls file Lypa.

2.3 LINKEING COROL-74 PROGRAMA

After wou have compiled one or more scurce programs to produce object
modules, you must link the obkjsect module (3! to crezke a progrsm image
that can ther be =xecut=d. Licking resolwes aymbolic references in
the object oede and establishes absclote addrcesses for them. This
gection describes the procedure for creatking executabls images  fram
abject wmodules using the VAXSAMS LIEE command. You will find further
information im the YVAX/VMS Cogmand Language TUser'as Guide ard the
VAX-11 Linker Reference Manunal.

To link object modules, enter a LLINKE commard in the Zollowing Eormat:

Link [ iScormand-guaalifiers] file-specis)] [Afile-gualifiers]
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where:
Joommand-qualifiers specify ocutput [1le options.
file-spac spocifies Lhe input £ileds) to be linked,
FEile—guallflers epecify inpct file eptions.

You can enter mulkiple file specifilcations separated from each ather
by commas <t plws eign= (which are eguivalent]). HRegardcless of now
sany File specificatiane you specify, the LINKE command prodeces only
poe aiecubabls image.

If you de not specifly & File type in an input file epacification, ths
Linker assumes default £ile types, dependirg oo the natoce of the
file. For example, object flles zre assumed ta have a  filr Lvpe of
OBJ. Tha WAKSVHS Command Language User's Guide discuazsz vaXx-11
Llpker delfault file types in detail.

Default Flle typee for cutput files are Giscussed  in the VAXSVME
Command Lapguage Caer's Guide. Consider the fallowing gcammand line:

LINE TESTA,TESSTE ,SYSSLIBRARY : ZT4LIBALISD

Thie line causes the compiler to age bwo abject modules [TESTA.OBT and
TESTH.CBJI} to produce a single executable image [TESTALEXE! .

NOITE

The camrand line mast spacify the
library that contains the COROL-74 RTSH.
The examples in this chapter specify:

S¥SSLIBRARY :CP4LIBSLTR

FTroy ocan alan agecify the optional
eharable ETI3, which results In oa amaller
image file apd sharing of physical
memary when two or more CO30L Lmagos run
at the zame tilmeo. Lirnk with the
sharable ®LS by specifylng:

BYSELTREARY : CVALLIS OpPL

Bofore vau can use  this opkion,  vour
svstem manager must install vhe eharable
image, SYSSSYSTEM:CT4LIB.EXE, a8 SHARED.
The Fracoiute iz describeid o Ebhe
VAXSTKS Operator's Guide.
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The follawirg discussion nescribes the command gqualifiers and file
qualifiera kthat you arc most Likely to wse for linking COBOL modoles.
Aowevet, vou will finpd complete discuesiorns of all TIHE  cammand
gqualifiers in the refereancaz already menkiomned, The Iollowing
qualifiers arc discuised:

£

i Comfand qualifiers Defanlt
ARRITF
! SIHOICROSR RNEPEREWCE FNCCROSE REFEREMNCE
\ SIHOIDEBOG[=file-spec] SHODERIG
] SIHC]EXECUTABLE i=file-z2pec] SERECUTABLE
ATOLL
FIRGIMAR [=File-spac] SHOMRE
AN TRMCERACE STRACEBACK

File qualificrs

SIHNCLODE=modale-name[ r o]
STIGRARY
fﬂFTLUHH

command Quelifiers:
FBRIEF
Produces a3 orief memory a2llacation map £iis, Mse SORIEF only 1f

you algo gpecify /MRP;  FGRIEF must follow /MAP on bhe commatcd
line.

The: belefF Form of the map vockaics:
1. A eummaty cf Lhe irages charvackerlstics.
2. A list of all abject medules itcluded Ln the inage.
. A Sammacy 9f liok-time performance aielkizstics.
Ex ample
LLNE/MAF/BRIEF PROGR, SYSSLTRRARY :CT4LIB/LIE
HCRUEE_REFERFNCE
fHUERUES_REFERFHCE
cantrals whether the Linxer pooduces a symbel croas-refcronoes  on

the memory allocatlan map.

Lee  SCROSS REFERENCE only if YU also specify SMAP;
ICRGEE“REPEREHCH must follow SMAE an the command line.
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Examzla
LTWKfHﬂPfCRﬁSS_REPE?EHEE FRIGA , SYSSLIBRARY : CV4LIB/LIE

The svmbal cross-relccence lists cach glabal]l saymbol referenced in
the image, it2 value, and all wodul@s in the image thalk refer to
it.

The defoult is SNODROSE _RETEREHCE.

ADEBUG[=file~epec]
STADEROG
Controls whetaer the Linker includes a debuogger io the loage.

If the object moudule cvontaing local symbhal table infarmation  for
tne Debuogger, sSspeclly  SREBDG Lo inciade the inforzation in thre
image o5 well.

¥You can include the optional 11le spggification ko specify a
vger-defined debugger: the deFault Iile bywe iz CBJ.  LE you
epecify SUEBLUG without a file specificatien, Lhe default vaxX M5
Lebuguer is linked with the 1image. You will £ind more
information on usimg ADEBUS in  the VAX/YMS Symbellic Debugger
Reference Manunal.

Tha defaulll i3 SNODEGG.
Chazter Y Jiz¢ussos COROL program debugging.
FEXECTUTARLE [=1i1e-spai]
SAOEXFCUTARLE
ConLlrols whether the Licker createa an  executable lmage and
opticnally eupplies & file specificakion Far the oobput image

file.

oy defaplk, Ltag Linker creates an executable image wikk tho sSame
tlile mame as the [Hrst inpul file amd 8 file btyoe of EXE.

Lse HNOEXETUTABLE to see tno resulbs of Jjinking in less time than
Lhe Linker would need to create an image file.

Reamplas:
LTHR /FAFCUTADLE=NENFPEIG. TMG,/MAP PROGA, SYSSLISRARY s CTALIRALIE
LIHEAOEXECUTABLE SM&F FROGA , SYSELIBRARY : CT4LIBALTD
AFOLT _
Praduces a Tull mematy allocation map listing. Ose SFOLL only if

you  alisc apecify SHAP; SEULL must follaw /MAP an the command
line.
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A full map listing contains:
1. Rll informaktion conktailned 1n the brief lieking.

Z. Detalled descriptione of each program section and image
secklon In Ehe image file.

3. Lieks cf global s=ymbols by name and value.,
Exacple

LINKMAF/NOEXEC /FULL FROGA,SYSELIBEREN :CY4LIBSLIE

FMAP |=file-spec]
SHOMAR

Capttals whether the Linker produces a memocy allocakion map
listing.

¥ou cam specify the file specification +o wname the map £file;
otherwize, the name of the output file is the same as the name of
the f£first input File, with a file type af MAP.
When wyou specify JMAPF, vyou can alseo epecify SBRIEF, SFULL, ot
FCROSS REFERENCE to  control the contents of the map. IT you
speclfy oone 9F these gualifisrs, Lhe map containe:

1. &3] the infarmaticn contalned in the brief listing.

2. & ligt of uneer=defined global symbols s=sacted By pame.

. & list of wser—-delfined pragrem ascklons.

The defaulkt is /NOMAL.

S TRACEBACE
EHHTRAEEBECE

Contenols whether the Linker Lfnelodoes tracchack infoarmacion in che
image file.

By dofauli, the Linker dincludes tracebock infocmatlon 3o the
gystem  can  trace  +the oell stack wheo an error occurs.  LE You
speolfy SHOTRECEBACK, you will jet no  trateback ceporting  when
ABLTOTS aeCur.

If yau specify SDPEBUZ, the Linker alsc assumes STRACTRACK.

File Quallifiers

SINCLUDE=moduate-namel, ...]

Z2=10

Indivates that the associated file specification refers ta  an
anicct medy Le librarcy tthe defzult file type is OLE) ;

furthermeor=a, 1t causaes the Linker o wnconditiocally include only
the gpecilied moduliels].,
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You must specify at least anse module-pname. Sprooify more than one
by  soparsting  them with commas and enclosing tne list  in
parentheses.

¥You can alzo apecify SLIBRARY whan you specify SINCLUNE to  <cause
the Linket te¢ scacch the lizrary for voresclwed reforencea after
it uncondicionally includes Lkhe speciFicd modaleis] .

Examplas:
[THE PROGA,LIBA/LHNCLUDE=MUDAL,SYS3LIBRRRY : CTALTE/LIE

The Linker links pPrOGA.0BJ and Lhe madole
Aopa  frem rche Tihvary [(1le LIBK.CLE to
produce FROGA.EXE.

LINE PHOGA,LIBASLNC= [MODA , MODG] /T.IR, SV ESLIBRABY : CT4LIGALIB

The Linker limks PROGR.DBI ard  tnoe modules
MODwA ana MODE fram the likhrary file
LIEA.CQLB. Becaunss ol  the STLIBRMEY Tlile
qualifier, the Linker will aleoc eearch
TL.IAA  OLR Far any viher unrcesclved references
in PROGA.QBJ, MODA, and MOGE.

SLIBRARY
Indicates that the file egecificabilan relors b o library file ko
be =earched to vrepolwe any undaelined svmkals  in the input
fil=(g;.

If the file specification does not inclade a file ‘Lype, LEhe
Linker assuces the default £ile Lwvge OLE. Do kat sapeclly oa
likrcacry a5 the first input file wunlesz vou alzo sgpecify Lhe
STHCLUNE  gualifier ta indicate which modulea in the library are
td be unconditionally included in the image. You  ¢an w3 Gkl
SIECLODE and ST.TEBRARY this ecaasez the Linker toe include the
specified modules, then search Lhe library  tor U Eao Lyard
raferences.

Examples
LINE IPROGA,LIBA/LIBRARY SYSELIBRARY :TTFJLIGATLIT

The Linker searchea LIBA.DZORA Tor  Jarosolsed
references in PROGA.UES Lo areake PRIOGR.FRAR.

LLEK LIBASLIESTHCLIOR=MON| EXSC=DR5,57SSLIBRARY :CT4LIB LLE
The Linker fneludes the roduole wmODlL from
LIBA.QLE, chern seztrches LIB&.OLE for

upresolvyed refercences 1o MO The result
ks oan cxoputable image PREOG.EXE.
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SOPTIOMS
Imdigates Lhat the input file «contains a list of options o
cantral  linking. I1f the OPTIOWSG file gpecification does kol
include = £ile type, the Linkat wase the default file type 0OFT.

The contents of the option file are described in Ebhe WVAX-11
Linker Reference Manunal.

2.4 EXKECOTING A COROL IMAGE

When the object medules nave oDeer linked Ez create an  oxecatable
imege, wyou can use the EOY gammand Eo execote bhe image in the
proceas. If you epecified SWITCH 99 ot OFF in Ehe SPECTAL-NAMES
pacagraph <f the COGOL source program, ¥ou can specify the akztues of
awitchez before or cduring image execution.

2.4.1 Setting and Resetting Program Switches

CORCE ptogram ewitches exist as the lagical name COBRSWITCHES, which
can b delined for the process, graup, ot eyetem.  DOse the DEFINE
command [you can also use the A58IGN cormand: to change the status  of
mrogram switches:

NEFIKE COBSSWITCHES "owitch-lisc”
where switch-list 12 a list of one ar more pragram switch nushete
{1-18' sepataked by comcas. Thre cptlre list must e vnclosed in
quotes. A switchn 1s set 0¥ if its nomber appears in bhe switch-list:
otnerwise, it Ls Sot OFF,
Ruamples
DEFINE CCBSISWITCHSS "1,5"
Gobks gwitches 1 and 5 OW; =ets all othercs QFF.
DEFIMNE C':'ESSHIITCHEEI Hd‘.l‘.'.l EI;T;EJ g:lu r:l-l.l ]-E'rl-s.l lq;lﬁl;lﬁ"
Gets all switches ON epeept 1, 2, and 3.
DEFINE COBSEWITCHESE ™ 7
Turns OFF all switches.
The arder of eyaluation of logical aname assigmments is: DLAUanE,
group, &System. System and group logical name asSignments {including
COBOL progeram switch settings) continue until  they are  changed  [(or
deassigned) . TCracess logical rame assigomentsd oxial until eicher they
are rchanged {or deaesignsd) or until Ehe Srocess Cerminates .
Tharefore, wou showld be aware of systam and group sssignmects of

COBSSWITCHES before executlny an  image if  wou de neb define it
vouraelf in your pracess.
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Tou can guarankee the intended status of COBOL program  switches by
gettingy ewitches just befare execubling &n image that uses them. Yoo
can confirm the switch settipus by wsing the follewing command:

SHOW LOGICAT, CORSEWITCHES
¥ou cap ufe the DEASSTGE command to remove the switch=-setting lagical
peme  from your process;  the group ot ayabtem lagical name [Lf any) is
then accive:

DEABSIGK COBSSWITCHES

You ¢an also change the status of awikches duclng execution:

l. Tnketrupt the Lmage with CTRLsY or a &TOP litergl COBOL
statement..

2, 0fc a DEFINE command to change swibkch sottings.
1. Continus the image Wwith a2 CONTTHDE <ommand. He sare thakt yan

g0 rat force the Lntecropted  image to exit by entorlng a
command that exagutos aaother image.

2.4.2 The EUN Command
D2 the BEUH cdmmanc to execute an image:
RDA [ Scommard-gualliiec] file-spec

If yoeu de not specify a file type in Tile gpecification, the ERCH
command uies the default file kype TXE,

The ROW command has two opitional command gualifiers:

JOEEULE
Spruify SDEBUG to regusst thne dehpgaeor at execution time if  the
image wae not linked with the debugger. Howewer, you cannat gsc
FDEBOG if ANICHACERAIK was apocilfled when the image was linked,

SRODEBIS
Epecify /MODEBCG 11 you do not want the debugger at  execubion
time for an image that was linked with the FDEBUG gqualifier.

Bxamples
RIN FPROGE Executes PROEE.EXKR,
EON FROGH.ARC Fdccutes the image named PROGE. ARC,
EOXMMODERTTG PROGH Exc¢cutes PROGA.EXE withoot Lhe debugoer

thkat may kave besn licked with Lt.

Youw can also vse the RUH (Process| command 9 execute the image as  a
separate proceEs. ([(3ee the VALSVME Command Language User's Guide, )
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CAARFTER 3

BN =HUMERTL

CAARARCTER HAWDLING

1.1 IKTRCDUCTION

COBCL pragrars hald their data in fields whose sizea are descrlhed ip
their 2oUr e HIOQCams. These field=s are thue "fixed" during
corpilation to remain the epame @ize throughout  the lifespan of  the
reealting chiect orogcam.

The dzt:z descriptians af the Fields in o COBOL program deecribe  them
83 belopging to any of three data claZ=es -- aglohanumctloe, alphabetic,
or numeric class. MNomeric <lass Jaka 1tems <ontain ovnly oumeric
valucn, alphabetic claezs owly A=~E and space, aubt alochanumeric class

daca iLemz may ¢otiktain valoe:s that

are all zlphzaetic, all nomeric, or

a @misture of alpkabetic oytes, numerls bytes, or, 1o fact, any
character fram the BRSCII character set.

PFurther, thezae three clesaes  are subdivided into five categaoriea:
zlphabetin, numer ic numeric edired, alohanumcric edited, and
alphanureric. Every clementary Ltem except fzr an index  daka  item
helsngs to one ol the ¢lassos and furkher to one of the categoriesn,

The: class of a geoup item is

trealed

a2k rup time as= alphanumeric

regardleae of the <lasscs af subardinake elementary itexa.

For alpheketic  and nuxoric

EYTIOOYTOLS.

An alphabetic icld is a field declared

(A—% and space] charecters,

hn alphanumeric class field thak is

[data

itemeg) class and category are
to  <contain conly alphabekic
declgrad to contain any BSCII

character is ¢alled an alphanumeric category field.

If the dats description of an alpbanumecic class field specifies

certaln
moeved Loko iz,
category field.

editing
that field

cperakiona

When reading the following asctlaons of thls chapter, this
between the class or categqeory of &

thakt
will ke performed on any value that i=
iz called an alphanareric of oumetic edited

distinction
gata item and the actwal wvalue :=hat

tae item contezing should alwavs De kept ip mind.



Sometimes the Lkext refers ta alphabetic, alphanemeric, and
alphanumarle odited data items as non-nureric Jdata items. This 1s to
distinguish thkem From iteme that are specifically dercrlbed as cumacic
items.

Regardless of the ¢less of an item, it i5 uSually poasible te skorc &
value in tne lkem, 2% run time, thakt is "11legal". Thus, non-numeric
ASCII characters can be placed Lnkn & Eield described &2 numeric
clazs, and an alphabetic class fleld may bhe loaded with non-alphabetic
characters,

T loorease readsbility, the follewing seotions occasionzlly omit  the
ward "¢lasze" when deseribipg &n  ltemr Thowewer, the ceader should
regard the descripkive word, oumeric, alphezetic, ot alphabumeric, as
teferring to the «<lasg af an item unlees it applics specifically to
the walue in the item,

This chagter diacusses nop-npumeric class data and the non-acithmetic,
pan—lrput-output operation:z that manipulate this type of data.

3.2 DATA ORGAWNISATION

venally, the data accas In A COBOL program ace organizcd  irko group
items with subordinate elementary ikema. A groop item is a data ltem
that is followed &y one or more data items [(elementary items] with
higner valued level number:z. An clementary item has no nigher valued
gubordinate leawal oumber.

All of the dats areaz ueed by COBOL programe  (except for  cerkain
registers and ewitches] muskt be described in the Data Tvieion of the
goygtce pragram. ‘The comsller allocates memory space (or these  fields
and Fixes ther In size at compilation time.

The f2llowing suh-sections (3.2.1 and 3.%.2) discuss, on & gensral
level, how Lhe compiler handles geoop and elementacy daka ilems.

3.2.1 Group Ttems

The size of & group item = the total size of the data area ovoupied
by its subordineale elementary iLtems., The compiler considecs qroup
items to bhe alphanomecic DISPLAY  iteme. Thus, the Soltware
manipulatee group items &% if they had been doescribed as PIC Xy
items, and ignores the etructure 9f kEbe data contained within them.

1,2.2 Elementary l1tems
The size af ac «elementary  item i determined by the number  of

allowable symbols it conkalns that represent character posltiom=. For
exzmple, consider Zfigquce 3-1.
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U] TERKREC.
03 FIELD-1 2IC %x{7].
03 FIELD-2 BLC S9(h)wa9.

Figure 5-1
Field Sizes=

Both fields consume Seven bytes of memory; howevet, FIETD-1 cankaing
seven alphanumerls bytos while PIELD-2 containe decimal digits ané an
opefabional sign. Alihough ¢ertain verkbz handle these two clasaes of
data differently, the data, Ln either case, occupiesz zeven bytee of
WhE-11 memocy. COBOL aperalkion® on such fields are independent of kthe
mapping of the Tield inoto WAXK-1l memory words (16-01% words Lhat hold
two d-bit bytez], Thus, a field may begin in the lefv or right=hand
byte of & word with no effact an bthe JTunstlan of any aperations that
may tefer ka thakt field.

In effect, the campiler sess memory ad a <ontioucus acray  of  hbytos,
pak wards, Thls becomes particularly importank when declaring a kahle
with the OCCURS clause [Bee Chapter 5, Tablie Nandling .,

Records [a 01 level eptry and all 9f its scherdicate entries] and data
itemz Lhat ha?u_a_level number of 77 and all literal walues given in
the Procedure Diwvwizian automatically begin on even tyte addresses.

170 werbe regulre bthat recards be aligned on word soundaries because
the VAX~=ll COBQL-74 {1le syStom reads and woites integral nuobiers of
words.

Kar-inpat-autput wverks do not regquice aligoment of “he dzta. Howevar,
when two fields are aligned ldonblcally, Ebe processing werh can
cometimes increage ite elliciency by processing them a word abE o time
rather that a byte at a cime.

[n &ll cazes, ankamabic woed aligoment owf literals, recorde, andfor 77
items increase the apportunibky For macge officient processing.

3.3 BPECIAL CHARACTERS

CoBdL allows the uaer tao manlpulate any of the 128 characters of the
RECIT character eet ae alphanum=cic data  oven Shaudb many ol the
charactere ate cantrol charackeers, which wscally contrel  input/oucput
dayicas. GCenerally, alphanumerls data manipulaticns ace poclarmed in
a mannet khat attaches npe "meaning" te an 3-oit bByte. Thua, the user
cann mave  and  oompare these coniral characters in the game manner as
dlphabetic and numeric charackets.

Althougil the object program can manipulate all BSCII  chatackoos,
certain ¢antral charackers cannot appear in noo-numeric literals since
the cumpiler uses them ta delimil  the source  toxk, Furkther, the

keyboards of the conscle and keypunch dewiceszs have no convenisnt input
key [of many of the special characters, thus making it Jdifficult to
pluce them inte pcon-numeric iileral=,
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Special characLers may be placed inks data llclds of  the abject
program by placing the minary walue of the special characker inko a
aumeric COMP lMield and redeficing that fleld ez alphanumaeric DISPLAY.
Consider the following example of redelinltlon.  (Beep ln mind that
Lhe even byte of a word corresponds to the low=order kita of a binaew
wared, )

L LE-COMP PIC 343 COMP WALUDE li.
2l LE REDEPIHES LE-COMI' PIC X.

QL HI-COM2 FIC 939 JOMP WRLOE 9.
J1 TABR REDEFINES HT-COMP FIC X.
01 CR-COME PIC 999 COMP WRLOR 13,
01 R RECEFINES Ch-CCME PIC X.

Figure 3-Z
Bodoflning Szeclal Charactoes

The zample codlng in Flgure 3-2 inkraduces cach charecter 22 8 l-word
CcoME  item with a deecimal walue, then redefine=s it ae a =ingle byte.
(The second byte <f Lhe redefinition need not be descrlbhed at the 01
lavel, s&siace redefinikicon at this level does nabt reguire identically
Siwcd ficldg,)

Cae the Charaakar oL table in Appendix 9 &1 the WAN-11 COBOL-74
Language Reference Manaal ta descrmine the doecimgl valyue Far oany ABCIT
charackar.

1.4 TESTING NON-WUMERIC FIELDS

3.4.1 HRelation Tesktz

An IF statement thet contéins a rcelacian condition [(greater-~than,
less-tkan, eyual-to, etc.) can compare the valae in a non—numecic data
lcomm w1k anckber value and oSe  Ehe reosult £2 alter the £law  of
conti¢l in the mrogram.

Bn 17 statement with a rcelation condition comparese two operandse,
cithce of which may be an identifier or a literal, except that both
cannot be liter=ls. Lf the relation exiete betweer the two aperands,
the relatizon condition has a trueth walue of true.

Figure 3-3 illustrates the geceral format wf a relation condition.
vThe  relatlonal  characsers "=, ®4," and "=," although reguired, are
not wunderlined to avoild confusieon with  other eymonle =uch as
gragter-rhan-or-asgual-to, )
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IS5 [H9T] GHEEATER THAH
5 [NOT] LESS THARA
{ ldontifier-1 l 15 [HOT] EQUAL TO identifier-2
lTiteral-1 IS |war] » {litera1—1 }
arichmetic-expreasion-l I3 [H2L] < grithmetic-expreasion—2
I3 [wdr] =
Figura 2-3

melation Condition

Wnen coding a4 relational operatar, leave a apave bofore and after each
reserved word. Wnen the regcerved word 89T is present, the epoftwara
considers 1t and the next xey word ot relakional character to be one
relatlonol operator that definee the comgarison. Flgure 13-4 shows the
meanings of the relaticnal operateors.

CPERATCE MEARH TG
I8 [WOT] CREATER TEANW The firzsL cperand 13 decater than
I5 [WOT] - for not greater than) the zccend opecand.
15 [KUT] LESE THZH The first operand ia leaz Lthagn
15 M) < iof not lez=s than) the second operand.
TR [¥OT] EQUAL 13 The {irst aperand is egual to
Iy [muT] - (or not egual to] Lthe aocacd aperacd.

Figures 3-4
The Meanings aof Lhe Relabiopal Operatora

3.4.1.1 Claeaesa of Dete - CIPOL allows compariseon of beth opumeric
zlass operands  and nak-rumeric ciass vperandsp;  hawsvet, ik handles
cach clazs of data slightly diflerently. Por  example, it allows a
comparigan ol kwdg pumeric eperands regardlees of the [atmats Speclfied
in thedir respective  USaBE clawaes, o»ut  reguires Ekat all oehec
comparisars  [(lecludinog comparizon: of any group 1tems] be botween
operands with thke =samg uwzagoe. It compares numeric claes operande with
tegpect  tao bhelr algebrale valucs and non-numeric (or a numeric and a
agn-numericl clzse cperands wilh  voapeot to a Spreified  wallating
FAfULNEn .,

If only one of she gpecands is oomercic, it meet be an integer data
item or an irnteger literal and 1% wmust be DISELAY u=zage; furthet, the
macnetr ie whick kEhe softwace hacdles numeric opsrands depends an the

ran-cumaric operand. JConzider bka (ollowing twe types of non-numeric
LEpetranda:

L. If the non-numeric aparand 1ls an elementary iktem or  a
literal, the scftware treate the numertic operand as 1€ 1t had
beer mawvol inte an althanumeric daka item {which 15 the =ame
gize a2 the pumeric operand; and then compared. This causes
any operationzl silen, whether carried as 2 sepatake charpceer
oF A3 4 gverpunch, Eo ke seripped Ecom Ebe nomeric item;
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thus, it appesars ta be an upeigned guartity. In addiciom, 1if
the picture=atring of the pumeric item conktains krailing P
characters indicating  that  there are asapmead integer
positions  that &ve not 2otually present, theae are filled
witk zera digits during the operation of stripping any Signo
that is presant. Thus, an item with a picture-string af
BYu4upPPP 15 moved to & toemporary  locatlon where it ie
deecribed with a picture-string of 9399999, If its walue L3
4323 (-4321%, the wvalue in the ctemporary location will be
143210060, The numecis digits, sStored as ASCII bLytes, takea
patrt in the comparisaomn.

2. If the non—cumerle operand 15 a group ltem, the sSoftware
Ereats Ehae aumeric apsrand as LE 1t had bhesn moved inta a
gqealp Ltem (which !2 the same slxe as  the pumcclc  opetand)
and  then campared, This 13 eguivalent ta a "group mave".
The solbware lgnores Lhe dezcriptlan af  the pumeelc f£ield
iexcept Far leogth) and, thercfare, Includes any duccational
eign, whether cartried g3 a sgeparate characker or as  an

overpunch, in iks length. (Overpunched charactars are never
ASCIT numeric digits, but characters in the range of from &
theough By, or .} Thus, the slgn and bhe diglts, stared és

ASCIL bytes, take part in the comparison, and zeroes &are  niot
gupplied far P chararctere in the picture-string.

The compller will not accept a comparison between a mnon-integer
nymetle  gperand and a non-numeric aperand, and any attempt to compars
bheas bwn iterm=2 will cause a diagnoetic message 2t compile time.

3.4.1:.2 The Comparlison Operation = If the two operands ara
acceptable, the scftware compares them byite for hyte stacting at their
left=hand end. It proceeds Ffrom left o right, comparing the
charackers 1n  eorresponding character positions uwuptil it esither
encounkere a pait of anegual characters or reaches the right-hand end
of the longer operand.

If the aofkwsre engountere a pair of unegqual characters, it considers
thale relative position in the collating seqguence. The opercand with
the character that is positioned higber in the cowllaticd sSequence is
the greater operand.

1f the pperand= have diffsreni lengkkha, the comparisagn proceeds as
thapgh Ethoe ahorter oporand weroe oxbchdoed of Bhe cight by sofficient
RECTIT spaces [hex 20) 4 make them bLoth the Same length.

1f all af the pairs of characters compatre £3qually, the operande are
equal .
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3.4.2 {lass Tesks

dn IF statement that containse a claeza econdilLian [NOMEETIL ar
ABEPOAGETIC)  can kest  She value in & oon-numecic data ivem (GSAGE
DISPLAY anly) to deteemine if ik contalns nmumetlce ar alpkabetic dats
and uas bhe result £2 alter the Flow af contecel in the poogram.

Figure 3-% illustrates the ygenercal [ormat of a class condition. I
the data 1tem comsists enkirely of the ASCII characters 0123456780
with or withaut the aperakional sign, Ethe ¢less condition  weuld
detecmbineg that it iz WOMERIZ. I1f the item consists entirely of the
ARECII charsckers A through 2 and Space, the <class condition would
determine khat 1t is ALPHRBETIC.

HUOMEEIC }

identlfles IS |HOT]
ALPOARETIC

Figure 3=5
Clae=s Condibion, Genetral Format

Whett the reserved word, HOT, i= present, the software considers it and
the nexkt Xoy word as one class condgition that fdefines tEhe <lass kEest
o be execonted; for example, HN0OT WIMERIC 1a & Lrukh fLest  for
determining 1F &n aperand gontains at least onc ran-numeric byke,

If the item being tested was described as a numeric data ikem, it may
aply be tested as HNOMERIC or HNOT WOMERIC. (for farther infoemation oo
using ¢lass comditlons with numeric 1tems, sco Chaptor 4.] The WIMERIL
test cannot examine an iktem that was descriced either as alphazeric or

23 a group irem containing elementary iteme whosse Sata descrigkions
indicate the presence of cperational sigons.

3.5 DATA MOVEMENT

COBOL praviges three statements (MOVE, STRING, snd LCHSTRLNGY Echat
perform moBeL of Lhea data mos? emen L cperationa reguited by
byusinegz-orienkted pragrams,  The MOVE atabement aimply mades data (ram
opoe Field Lo anokher, The STRIMG statement concatenales a eeries af
pending fielde inta & =single receiving field. The UHSTRIMNG statement
disperses a aingle eending field inta multiple receiving fields. Each
has its uses and its limitations. This section discusses dasa
movemcnt  Sltuaticons which bake advantage of the wergatility of these
gtatemaenkbs.

The MOVE statement handles the majority of data movement dgpocakions an
character strings., However, the MOVE statement has limitations in i:ts
ability to hapdle multiple fields; for example, it cannot, by leEscll,
cotcakenate a  ferles of sending Mlelds ineo 3 2ingle receiving field
or disperss a single asnding Field inks eeveral receiving fie=lds.
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Two ®OVE staterenkts will, hawever, hring the conkenkzs of bwo  Fields
Eogether into o kEhird  (receiving] field if the receiwvwing field has
been "subpfivided®™ with subordinate elemectaty items that match the Etwo
gending Ffields Ln size. If other fields are to be concatenated into
the third Licld aad they @iffer in size feom the flese twe flelda,
then the receiving field will reculre addlticpal subdiviaiona [Ehropah
cedefinitian) .

Anather method of concatenation with the MOVE sStatexment iz to
subdivide the receiving field into 3ingle character fielda, creating a
"table" af a zingle character field that occurs as many tices as there
arg¢  charactere in the receiving field, and execate a data movemant
loap wilzh mowes each sending field, a character at a time, using a
subscript thatk maves cantinuaoaly acrass the reociving Fleld.

Two MOVE atatemcnts can alse be used to dlsaccso the eontents of  one
serdding  field to several receiving fields. The firzt MOVE ekakement
cae mowve the lefr-mest end of che sending field to a2 receiving field;
then Lhe sacond MCVE  ctakewent <an wmave the right-most end of the
goreding field to another receiving field. (The =zecond receiving field
muat  firak be described with the JUSTIFLED clacae.; Tharactera from
toe middle af the sending filield cancot easily be meved to  any
receiving field wikhoub extensive redelfinlelang af the sonding field
or a character-by-characker movement laos (43 wibh concabenation).

The cancatonation and dispersion licitaticons of the MOVE statement are
handled  quite easily by the ST%IKG and UNSTEING statements. The
Followlng seerions $3.6, 3.7, and 1.B} discuss these three statements
in detail.

3.6 THE MOVE STRTEMENT

The MCWE statement movee The contents of gne field into another. The
fellowing illustration shaows the “wo formalbks af Lhe MOVE sbLakement.

Format 1
MOVWn rIzrRl Tl FTRLLAZ
Foromat 2

MOVE CCREESIOHDING EFIELDL TO PIBLDZ

[ P M

Forcat 2 is gizcussed tn Sectlon 31.8.8.

FTETLOL 1% the name of the eending field and FIELR2 ia the nagmae ol the

recaiving  field. Tha sStatement caczez the =2aflware Las move the
contents af FIELD] into F1ELDZ. The two flelds noed not be the Saoe
gize, <lams, or uSage: and they may be eithsar group or olementacy
iteme.
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1 the two fielda are not the same length, the aoftware will align
ther ab one end or the okher == and will truncate or pad (with spaces]
the pther end. Tho movement af graug iteme and non-numeric elementary
leems is diecuossed beilow.

A point to remember when using the MDVE  statement is  Ehat it will
alecer the contents of every character position in the receiving flald.

3.6.1 Group Moves

If edther the sending or receiving field is o group item, the swuftware
vonsiders the fove to be a gragp move. It Lreats Bekh the saerding and
receiving fields in & group mave as 1f they were alphanumeric claas
Fields. 1f the scndicg field is & group item and the recelving £ield
iz an elementary item, the zoftware ignoros the receiving Field
deacription  (except for the =ize desoription, in bytes, and any
JUSTIFITD clanze): thersafare, the software conducts no conversion  of
2diting ae the raceiving field,

3.¢6,2 Elementary Moves

If sobh [ields of a MOWVE statement are alemacktary iteme, their daka

description clauses control their date movement. {If the receiving
field wae deacribed as numeric or nuameric edited, the rulez for
humerlc moves -- ase Chapter 4, MNumeric Character Handllng —— control

the data movement,!

the Ffollpowlhy table shows the legal (and  iliegald non-numecic
elamencacy mueves.

Tabhle J1-1
Legal Mor-®Wumeric Blementary Moves
RENDING FIELD CATRGOEY RECRIVING FLELD CRTRGORY
ALPIABETIC ATL.PHAHOHMERLLC
ALFHANUMERIID: ERITED
== ——— L —— |

ARLPHABELLL Leqal
ALFIIAKOMERIC Legal Legal
ALPHANUMEEIC EDITEDR Leqal Legal
NOMEETT IWNTECEK

IDISELAY OKLY) Illegal Lagal
HUAEEIC EDETED r Tilegal Legal
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In all of tke legal moves shown acove, the software treats the sending
field as though it hod been desccloed as PTE K4b. 10 the sending
field description contaoins a JUSTIFIFED <lsuse, the glause will have oo
effect on the move. If the sepding Tield piglLure-string contains
editing charactors, che anfiware uses them only to  determinc  the
Eiald's =ize.

Humeric clazss data most ke in DISFLAY (bwic) format  &and muat be an
integer,

1f the description wf the numaric daka ikem indicates the presence  of
an operational sign  {either a5 & character or an overgunch]l or if
there are P characters In the picture-ztring of the nomecic date item,
the =oftware £first moves khe ftem to & toemparary location.  During
this mowve, it removes the sigpn and (Lils auk any P character positions
with =zeru digits. It then wses the temporaty wvalue [(which wsy be
shorter chan the orlginal if & separate 3igme were removed, or longar
if F character positions wete (illed in with zeroes) as the sendlng
field as if it bhad brcon described as PIC X[}, that is, as 1[ 1it=
aakoedgory were alphanemeric.

If the sending item is an unsigned numecls ¢lass field with ono P
characters io its plcture—-string, the eocftware doszs not mowve the item
to a temporary location.

A numeric integer data item sending field has no effect on the
justification of the receiving field. 1f the numeric sending MNeld iz
sharter than the receiving field, the software $ills  the rceceiving
field with spacos.

In legal, non-aumeric elementary mowes, the receivioyg Field actuelly
controls the movement of data. &11 af the fallowing iters, io the
receivipng field, affect the mowe: [1) the =ize, (2) the presence of
editing characters in its dcseclption, and (3) the presence of the
JUSTIFIED RICHT clauge in itz deescription. The JUOSTIFIRD <olause  and
editing characters are mokually exclusive; therefore, bhe kwo classes
are dlacusesd eeparately celow.

when a field that contains no editing characlers or JUSTIEIED olausa
in ite description is uSed &8 the receiwving field of a non-numeric
elementary MOURE avatemenk, the statement moves khe charackers by
atarting at the left-hand end of the fields ané scanndiad across,
character-by-character to the right. If the sending item iz sharter
than the receiving item, the svftware fills the comaining character
pooitiaone with apaces.

3.6.2,1 EAited Moves = alphabetic vr alphanumccic flolds may contain
editicg characters. Congsidec Lhe fallowing insertion editing
characters. Alphabetic fields will a¢cept anly the B character;
howevet, alphafnumorlec ficlds w111 accepl all three charactiers.

B — blank insertion posleion
0 —— zecro insertion posltlon
S —— =mliazh Llnsettion position.

3-10 HMHON=-NOMERIC CHARACTER HANDLING



When 5 field that cankbains ap  ingerbior editing character in  its
fleture~ateiny i ubed as the regeiving field of a non=numeric
elamentary MOVE statement, ezack cocelving chatacter position that
corvesponds Eo an edlking character receives the ipsertion byte walue.
Figute 3-¢ iiluskrates Lhge ase of such eympools with the statement,
MOVE FIELDlI 70 FLELDZ2. ingzume  that FIELD] was descelbed as PIC
(74

Fizrpo
FIELDL ETICTORE-STRING ONTENTE AFTERE MOVE
e
CcyoaTh XN/09 KR oS04 e
SJAJULT 6 Y9EAARBRE o4 JUL  Ta
2351212 HEABEKXM KX 23% 1212y 4
123456 UXBOXBOURBUOX nl a2 03 04

Figure 1-6€
Tata Movement with EBditing Symbols

Pata movement always zegina 2t the left end of the sending (leld, and
moves onoly to the byte positions desceribed &% A, 9, or X in the
recaiving Ficld picture-Steing. When the sending £ield i  exhausted,;
the software supplies space characters fo 111 any remsining character
positions (not insertion positisng; in the receiving field. IE thr
racelsing Frield hecomes exhsusted before the last character s maved
from the sending field, the software ignores the remaining sending
Ficld charactors,

3.6.2.2 Juetified Mowves - & JUSTIFIED RIGHT clauss in the dJdata
deacriptien of the receiving field causes the snftwate to I[everEe 1ts
usual data movement coovenkiona. {It starts with the rlght-hand
characters of both fields and procecds fyar right to left.] LE the
aending field is shorter than t4he recelving field, the acftware f£ills
the remaining Ieft-hand character positions with spaces. Figure 3i-7
Lilustraktes varioua Jdala description situatioms [or  Lhe atatement,
MOVE FIELDL TO FIELDZ, with no editing.

FIELDL FIET.O2
PICIUEE-STREING CCHKTEMTS FILTHRE=STRLNG CONTEMTS AFTER
(BED JTST CLADSE] MOVE
X AH
ANEX nne
XXX BB WE JUSET B
AxXXs JOST nAC
Figqure 3-=T7

Data ¥ovewent with Wo Editing
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3.6.3 Multiple Eeceiving Fields

If & MOVE statement is written wikh mare than one recelving £leld, 1k
maves the game sgending field walue ta each of the receiving Fleidsa.
TE has essenkblally the same effect as a seriee of separate HOVE
eratement: Lthat all have the pame aending field. [Faor information an
gnbecElptad Flelds, sea section 2.6.4.0

The receiving £ielde need have na relatlonship to each other. The
saftware checks the legality of =2a¢h one lndepengently, and pecforms
an independant move aperation on each onse.

Multiple receiving fields on MOVE statements provide a convenient wav
to gat many fields equal to +the sane valae, such as during
Ilnitialigatlion code at the beginning of & section af processing. Foar
examples

MOVE ZPACES TO LISGT-LINE, EXCEPTION-LINE, HRME-FLIM.
MOVE ZERJOES TO EAL-FLAG, EXCEPIL=-FLAESE, HAME=FLAGS.

MOVE 1 TO COUNT-1, CHAR-PTER, CUHSOH.

3.6.4 EBubscrlpted Moves

Any fleld of & MOVE statement may be subscripted and the referenced
field may also be used to evbscript anokther wame in the same
statement.

When more  than one receiving field i= mamed in the same MOVE
atatement, the order in whlch the snftware evaluates the subscripts
affects the vregulta ol the move. Consider the folloewing twa
slbuations:

Siktuation 1 MOVE FIELD1 (FIELDZ] T0 FIELTZ FIELDAI.

Sitvption 2 MOVE FIELD] TO FIELODZ FLELD3I[FIELDZ).

Figure 1=-E
Subscripted MOVE Statements

In siktuation 1, the saftware evaluates FIELD1(FIETLDZ) anly  onoe,
befare it moves any data to the receiving fields. In effect it iz as
lf the statement were replaced with the fallowing staktements:

MOWE PIELD](FIELDZ2Y TC TEMP.

MOVE TEME TO rIELDZ.

MOYE TEME TO FIRLD3,
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In situatiocn 2, the software evaluates FIELDIFIELDZ?) immediately
before mawving the data into it [put after moving the data from TIELDL
to FIELDZ), Thug, it uscd the newly stored waloe of FIELDZ &z the
sasscript wvaloe. 1n affect, it ig as if the staksment were replaced
with the {ollowing stataments:

MOVE FIRLL] Tid FTELDE.

MOVE FIELRL T FIELDA(SIET.DZ} .

3.8.5 Common Errors, MOVE Stetament

A most important thirg to remember when writing HMOVE statements 13
that the compiler copsiders any MOVE statemont thab contains a group
ikam Lo boe oa groug move. T. iz easy o Farget this fact when moviog a
JEoup  iltex b an eloemeotary ltem, and bthe elementary item contains
editing caarackers, oFf a numeric integer. These aktributecs at  the
receiving f£ield (which would determine the action of an glementary
sove]l have o effect on the action of & group move.

J.6.6 Format 2 - MOVE CORRESPONDIMNG

Format 2 of the ROVE statement allows the programmer to mowvs mul;lplf
alementary items from ope groopp Ltem Eo anothec, by wsling & single
MOVE statemenk. Whor ke carrespanding  phrase iz used, selected

elemantary I1kams  In bhe sending fleld are moved ©o those elementary
iteme in the reoeiving field whoee datz-nams=s are  identical. Fur
exampla;
0l h—-GROOP. Gl B-GRCOF.
0z PIELDL. 02 FIieELD2.

G2 o BPIC K. 03 & FIC X,

o3 B F1IC 9. 03 ¢ FIC XX,

03 C LIC XX, 23 E LIC XXX,

N3 0 PTC 9%.
03 B PIC WXX,
MOVE COREESPOMODING A-GROOEF T G-GROUP
[F

MOVE CORRRSPOMNDLWG FLELDL 1o FLELDZ
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The preceding examplesa are cguivalent to the Eollowing serles of MOVE
Statemente:

MOVE A OF FIELD] TQ 4 QF FIELDZ
MOVE O OF FIELD] T2 C QF FIELDZ

MOVE E ©F PIELDG]1 IO E OF FIELD?

3.7 THE STRING STATEMENT

The STRING Statement concatenztes the contents of twd or mece sending
fielde Iinta a oingle field.

The stacement has many [orms;: the simplest is eguivalent, in
function, to @& non-nwnceic MOVE statement. Consider bhe fallowinog
illustrationy if the twn f1z1ds ace the zaze size, or if the zonding
flald (FIELD1) i= larger, the atatement {2 equivalsnt to  the
Btatoment, MOVE FLELDL TO FIETNZ.

STRING FIRTDL DELIMITED BY SIsE LNTO FIRLDZ,

Figure 1-9
Sample STRING Statcwonk

If the 2¢nding Field i= shorter tham the receiving fleld, am imporetant
difference between the STKING ard MOVE  Statecents emerges: the
enl tware does not £il1l the receiving field with azaces, Tacs, the
STRING statement may leave some portian of the receilviog field
Lhchanged,

Additionally, the receiving field must be an elementary  alphanumeric
field with ha  JUSTIFIED «<lause or editing chargckeras (o jt=
deacription. Thus, the dats movement of the STRING statemen: always
fille Ehea vreceiving flcld from left-to-right with ra editing
insertions.

2.7, 1 Hultiple Sendlng Pields

&n important oharacteristic of the STRING aratement 12 its abllicy o
cancatenate g sorics of sending  fields  into one rtecedwing Field.
Consider the followlng exarple of the S5THIWG stalemant:

STHING FIELDIA FTRTTIE FIELDIC DELIMLITED BY SITE
INTO FIELDZ.

Figure 21-11
Congikcnation with the STRING Stacement
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In thiz aample S5THING statement, FLELDLA, FIRLDIB, and FIELDIC are all
eending fields, The aoftware mover them +to  khe receivinm field
[FITLDZ) in the crder in whick Lhey appear in the stektement, from lefk
to tighkt, resulecing in che cancatenztian of kheir values.

If FIELD? i= ngb latge enough te hold all ehres items, the oporation
Etaps when it ia Eull, T1f kEhis ¢ccours while moving one af the sending
fielda, the soFftware ignores the remaining chacasters of that f£ield
and any ather sending fields not yet processed. For example, if
FIELD2? became full while receiving FIRLDIBE, the software would ignere
che rest of FIELDIE and all «f FIELDIC.

Tt the sending [lelds do not £il1 the recelving Ficld, the operation
gtops with the movement of the last character of the last sending item
(FIELD1C in Figqute 3-10F. The saftware doe= nmok  alter Ehe caoptents
nor  epace-fill  the remalting character positions of che eecriving
flald.

The gending flald: may be non-numeric literals ané figqueative
cgnatantzs  (excest far ALL Likeral]l. Fur exampla, tke follawing
statement setsd up an address label with the literal period and  space
between the STATE and ¥1rP fields:

STRING CITY SPACE STATE ". " BIF

DELIMITED BY ST3E THTO ARDRESS-LINE.

Figure 3-11
Literals azs Sending Fiolds

gending flelds may alsa be suhacripted. For example, the following
statomenkt uses sonbecripte ko ¢ongatonate the elements of a table
(A-TRBLE) into a aingle field [(A-FOUR). I, of course, ®musk be @
aubscripk or an index-name. )

5TRING A-TARLE{I) A-TAHBLE(I+1) A-TABRTTL(I+2) A-TABLE(I+3}
LQELIMITED BY SLEE INTO A-FODH.

Figure 3-12
Indexed Gending Fields

3.7.2 The POIMTER Fhraea

Although the BTRING statemett hormally starts at the lefi-hand end af
the receiving flcld, with the PRINTER phrase Lk ls possibkle to start
it ecannhing at anether point within the field. (T"he =canpina,
however, remalns left-to-right.)
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MOYE 9 TO P.
STRING FLELDlA FIELDIE DELIMITED BY SIRk
I1¥TO FIELDZ WITH EFOINTEER P.

Figure 3-13
cample POINTER Fhraee

When the ZOLHTEE phrase is used, the wvalue of P Jdetermines  the
starking character poeiticn in the receiving field. In Flaure 3-13,
the & in P causes the softwacre to mowe the Flret character of FILIELDLA
inte character pozition 5 of FIELDZ [tho lcft-most cheTActer pooicion
of the receiving field is character posiclan 1) and leave poeitions 1
Ehecugh 4 unchanged.

Wheo the STRIKG operaticn 12 comzplete, the eoftware leaves P ooclnbing
te one character position beyond the last character replaced in the
receiving field. If fIELDLA and FIELDLE in Figure 3-13 are both four
chacracters leng, P will <onkein a walue of 13 [3+4+4) when the
apetakion iz complete {(assuming that FIRLD2 ia 2zt least 12 charackers
long) .

3.7.31 The DELIMITED BY Phrase

Although the seading Ficlds af the RTRING statemert are fixed in size
at rcomuile time, they Ereguently contain vaciable-letndth ltems chat
are padded with epacea. Yar example, a dU-charagker city £field may
gontain anly  the word MAYHARRD and 13 gpaces, M wvaluable feature of
the STRIKG statement ie that it may me uied o mave only the usefnl
data from the left-hand ecnpd of the gending field. The DELIMITET RBY
phrase, written with a data-n&ame o literal, inzstead of cthe word SIZE,
perforos this agpecatian. (The delimiter may oe a literal, a data
lbem, a figurative constant, uwre the word SISE, Tt may nokt be ALL
1iteral sgince ALL literal has ao Lndefipite lengkh, When the phrase
containg the word SIGBE, tho solbkware movee each sending field, Qb
total, until it either exhavsks the sSending field, or f£ills the
raceiving field.]

Consider the followlng oxamzoles

STIING CITY SPACE STATE ", 7 ILF
LDELIMITED BY SIER IWTOD ALDRESS=-LIHE.

Figure 3=14
Deliriting with the Word SIZE

IE CITY I8 a 20-charactaer (ield, the result af  the STRING operatian
sacwr: In Flduee 3-14 migke Took lLike the Eallowing:

ARTEFR Mmn, 01432

\_,I E apacea
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& far more attractive printont can be produced by having the STRING
oprration produce bthe following:

AYER, MA. 01432

To aceomnpllsh this, uee the figurative constant SPACE as g delimitar
att the sendiog field; chos,

HOvz 1 TO P
STRING CITY DELIMITED BY SPACE

LETO ADDRRSS-LINKE WITH POLKETER P.
STRTWG ", * STATE ™, " ZIP

DELIMITEL: BY SIRE

INTD ADDRESS-LINE WITH POLINTER F.

EFigure 3=-15
SPACE ag a Delimiter

This sample coding uses the painter's characteristic of polnting &0
one characker position beyond the last character replaced in the
feveiving field ko arablc the zecond STRING statoment to begin at a
poEition  one chatacter past where the (irst STRIMG statement stopped.
(The firet STRIMNG sLakement waves data charackars ypkil it encounters
a  2pase character =-- a match oF the delimiter SPACE, The second
STRING statement adds the Tikcral, the Z=characktetr STATE field,
another literal, and the 3-charactetr ZIP fleld.] '

The delimiter can be varied lor cach field within @ single STRING
Statement oy repeaking the DELIMITER BY phrace afrer the eending field
namcs ke whick it apsiies. Thus, the follewing shorter Statement has

the =same effeck a2 the precedipg example. {Placing the operands on
Sepacate source linez, a3 shown Lo this example, has oo cfFect 9o the
operation of the statement, hut improves program readabiliey and

gimplifics debugging.)

STRING CITY DELIMITED RY APACE
-r n STHTE ﬂ‘ n
Z2IF DELIXITED BY SIZE
INTE ADDRESS<LINE.

Figute 3-14&
Bepeating the DELIMITED BY DPhrase

The zample ETRIWG statement in Figute 3-16 caonot handls  2—word alky
namea, =uch a5 KNew York, =ince the aaftwacre would coneider the epace
between the LW words as a match for bhe delimiter SBACE. A longer
delimiter, such as two ot three spaces (pac-numerie liveral), cab
golve this preblem. Only when a aaguchnee of charactere matchea the
delimiter will the povement stop for thak daks ltem.
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Wwith a 2-byte Selimiter, the same statement can e cewrlbten in a
simpler £ocm: '

DELIMITED BY " " INTJ ADDRESS-LIME.

SYRING CITY *, " gTaTR ", " IIFP J

Figqure 3-17
Delimibking with More Than One Space Characker

Eince only the CLTY field may contain Lfwd copscoubive spaces [the
entire STATE field iz only two Lyies long), the delimiter’s zearch af
thc okher ficlds will alwave be upneuccessful ané the olfeci. i3 the
aame as moeving tne Foll field (delimiting by SIME).

Data movement under contcol 9F & data-name ar literal i generally
slower in executicn speed than movement delimited by SIZE.

The exasmple in Figure 3~17 illustrates a Erequent fource of  errce in
the use af STRTHG atakements to coocatenate f£ields. The temalnder af
the receiving field iz oot space-filled as wikth & MOVE statement. IE
ADDEESS-LINE is ko ke printoed on & mailing label, for example, the
STRING stokement shouwld o procoded by Lhe statemect, MOWE  SCACES  TO
LODRESS-LINE. Thiz guarantess a gpace f£ill tao  the right of the
aoncateneted result. Alternatiwvely, the last fleld concatenated by
the STRING statoeent <an be a £ield previcusly set to SERCES.  4{This
sending fleld must be moved under contrel of o Aelimlbre  aother than
SPLLE, of course.)

3.7.4 Tha OVERFLOW Phrease

Wheno the 321%E option of the DELIMITED BY phrase conkrals the ATREING
operation and the pointer valuc 18 elther knowe or the FIINTER ghrase
is not used, the pragrammer can t2ll, By simple addltlon, iF  Lhe
tecelving field iz large enough to held the sepding fields. Howolor,
if the DELIMITED BY phrase conktains & literal or an identifier, ar 1
the peoincter walue is not wredictable, it may be diftleulb ko tell
whaokhar the size af Lhe receiving fiald is adoeguats, and an  overflow
may Gocar .,

The OM OVERFLOW phrase at the cnd of the STRING statement tests (or an
averflow condition:

STRING FIELD1& FIRT.DIR DELTMETED BY *C7
THTO FIELD? WITH FOLNLIELR HTE
o OVERFLOW G0 TO DPH3T.

Flgure 3-14d
The QW OVERFT.OW Phraoe
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overflow occurs when the receiving field is (ull and Ehe software i=
glther abgut +to mave a character from a aendipng field or is
congldeving o new sending field, oOverflaw may also coccor if, during
the ipitiallzation of the statement, the pointer contalins a value that
la either less than 1 or greater than the length of the receiving
field. In thls wease, the =software movee no daka to the cecclving
field and terminates the operation immediately.

The CN OVERELOW phrase canncot distinguish the overflow cauveed by a bad
imitial welue In poioker PHTR from the overflow caused by a receiving
field that is too shart, OQnly a separate test, preceding the STRING
statement, canm discinguish betwesn the two,

The following examples illuetrete kthe averflaw condition:

DATE DIVISION.

01 FIELAI1A PIC XXX VALTE "RBCM,
01 FIELD? PIC XEXX.

PROLCEDURE DIVISIOM.
1. STRING FIELD]1A QUOTE DELIMITED BY S1¥E ENTO FLELDZ.
2. STRING FIELD1E FIFLT1A DELTMTTED BY SISE INTO FIEBLDA.
£ STRING FIELD1A FIELDIER DRELIMITED BY "U" INTO FIELTZ.
4, STRING FIELDl1a FIELOIE FIELDIER FIELDIA
DELTMITED BY "B™ INTC FIELDZ.
5. STRING FIELD1A FIELDIE "C™ DELIMTTETD RY "CT
INTO FIELDOZ,
B. MOVE 2 TO P.
STRING FIELD1L "AC™ DELIMITED B "O“
INTY FIELD2 WITH PQINTER E.

Figure 3-15%
Varions STRING Statements
TI1Justrating the Owerfilow Condition

The resulte of execvting the numkercd statements follow:

Table 3-2
Rzsult=s of tho
Preceding Sample Stakements

Value <f FIEBLDZ after

the STRING aperaticn Over flowt
et e e R ] T S——— L

1. ABC! Ky

2. ABCA FeE

3, ABAB Ma

4. BABARR Ha

S - AH&B Tea

6. ARBR Mo
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3.7.5 6Bubscripted Flelds In STRIHNG Etatemente

A1l data-names wvsed in the 3TETMG atatement may ke subscripted:, and
the pointer walue may be ueed az a sucacript.

Since the pointer waloe might be unsed as a subRscript 9o one oF morg of
the fielde 1in the skakement, it is important to undeotstend ehe order
in which the software evalustes the szubscriptas  and ewxactly when it
updates +the palnter. (The use of the pointer as a subecyipt is nok
epacified by ANS-74 COROL. NBefars using it, reaé Lhe note at the erd
af this eubsecticn.]

The software updates the poicter after it moves the last chacacker guk
of each gending lMield, Congider the following eample coding:

MOvz 1 T P

STRIKG "ABC"
EPLCE
"DEF" OELIMITED BY SIXE
INTO E WITH FULKTER P.

Flaurs 3-20
ETRIMG Stakement with Polnkec

During the mavement af "ABC" into the regelvwing Tield [R), the wainbter

value remains atb L. efter the move, the sofrware increasaes the
palnker value By 3 (the size of the sending Field literal "ABI")  and
it takes on the walue 1. The software tken moves the figurative

constant 3PRCE and increases the paioter value Ly 1 and it takes on
the wvwalue 5, "DEFT" 13 then moved and, on complesian of bhe move, che
aattware Increpses Lhe pointer Lo ite finel welue for thi= ocoperakion,
a.

How, vonsider the updating characteclstics af the palnter when epplied
£t Subdccivtiog:

MOVR 1 TO P,
STRING CHAE(E)
THAE [ E)
CHAR(E)
CHRR(P) DELIMITEL RV GZIEIE
IMTO B WITH POLETER P.

Figurs 3-21
Sunscripting with the Painter

1f CEAR ie a l=character Fiela in a table, the poinker increases by
one after each field has besn moved arnd the soflware will move them
into R as if cthey had been subacrilpbed a3 CNARI(L), CHRRL(Z), CHARR(L),
anpd CHAR(4:. 1f CEAR im a 2-character field, the pointer incresaes by
twa aliter each flald has bees moved and the fields will mave inke R oas
if they had zeen guascelpted as JHAR(L), CHAR(1), <CHAR(S), and
CHAR[T] .
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Thua, the zaftware evaluates the subscript of a sending  item  once,
{mmediately before it censiders the item as a sending iltem.

The spftware evalaates the subscript of a receiving item only ance, at
the =tart of che STHING opecaklon, Therefore, if the polnter ie used
az a2 agbhacript on the receoiving field, changes oogutrring to  the
pointer during the execution of the STRING statement wlll nmot alter
the choice of which receiving atring i altered.

Even the delimiktect ield can be subsceripted, and it too can be
subgcripted with the poinkec. The =afiware re-evaluates the delimiter
subser ipt once for each sending fivld, immediately before It compares
the delimiter to the £icld. Thue, by evbscripting it with the poinker
walne, tha delimlter can be changed far rach sending field. Thils has
the peculiar effect af <hoosing the pext sending field's delimiter
based on the positicn, in the recelving field, into which its first
characker will FE=ll. For example, ceonsider the following sample
coding:

1l DTHRELE.
23 D pLC X CCCORE 7 TTHMEE.

MOVE 1 TO P

STEING "sBC"
TeRCM
"LECT DELIMITED Y D{P)
INITO B WITH FIINTEE FE.

Figure 3=22
Subzcripking the Delimitor

The follawing table shows Lhe value that will arelve in the receiving
field (®) from the three "ABCY literale if DUTABLE contalng bthe veloee
ebown in the left-hand colume:

Talble 3-3
Roaulitke of the
Creceding Szmple Btzbtements

DTABLE Value R Walue
ROCCEFS [Onchanged)
RCORFGH ALBABC
CDEFGHL : ARRBLCABC
Cooooes ALERERE
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LOTE

The rules In this section, conceeninog
gabacriptz in Lhe STRING stakement, are
rules that are not sSpecified by 14974
dmer ican EKational Atandard COROL ,
Depandence on these rules, particclacly
thase 1involsing the wse ©f the poinkter
fMeld a5 a  sunscript, may produce
pragrams  khat will not perfocn the same
way an other COEQOL compilers.

Il the palnter Field 15 not used as a
subscript on any of the £ields iam Lhe
statement, the point at which Lhe
Boftware evaluaktes the subscripts is
immaterisl Eto bhe exccublon oF the
gtatemant, Thus, by avoiding the use of
the pointer ae a easpbacripb, vnllocrm
cesults rcan be exzpected from all COBOL
coempilers that adhere bt 19%4 AWE CORQT.,

3.8 FCommon Errors, S5TRING Statement
The moet cammon errvors made whan writing STRING statements are:
* using the word "TO™ instead of "1HTO"
] forgetting ko wrlke "RELIMITRED BY SITE":
» furgetting to initialize the pointer:
f ipitializing Lhe pointer Lo 0 inaktead of 1;

- forgelting tao provide lor space £i11 of the ceceiving £ield
when it is desirable.

3.1 THE UNSTRINE RTLTEMENT

The UDHMSTRIEG statement disperses the cantents of & =single zakding
field into multiple receiving fields.

The atatement has many (aims; the simplest is eguivalent in  fanction
to & nop=cumeric MCOVE statemgnk, Congider the following illustraticn;
cthe eample etatement ie e=guoivalent o MOWE FIELDL TC FIELDZ,
cegardless of the relaktive szizes of the two fields,

UNETRING FPIELD] LKTO FIELDZ.

Figure 2-21
Gample MMSTRING Statement
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The sending [ield (FIELDRl) mJay ke either & group item o an
alpnanuncric, or alphanumeric edlted elementary item. The receivicg
Field (FIRLBE) may be alphabetic, slphanumeric, or numeris, BDut it
cannok gpecify any kype of edlting.

If :he rteceiving field is numecle, it most be DISTPLAY ueage. Thir
picture-string of a oaumetie receivipg fleld may contain any of the
legal numetilc description characters except for B and, of cowuree, the
editing characters, The UKSTRING stabtement moves the zending field to
numerie receiving fields as if the sending ficld had beer described as
an uneigned integer: fuether, it aukbocmaklically Lruncates or Zero
t1lls as required.

I1# the receiving field i5 not nomeric, the swfbware fallows the culos
for elemebtary nen-nomeric MOVE  statements. Ik |efr=justifies the
data in the receiving fleld, trencating or space-Filling as reguired.
{If the data-descriprtion of khe receiving field contalns a JUSTIPIED
clause, the =oftware right-jugstifies the  data,  truncating  or
space-filling to the 1left as r=aguired.)

3.B.1 Multiple Raceivipg Flelda

Ao imporkant characteristic of the THETRTWG statewent 15 1ta ability
to dizperse one sending Mield into eeveral recciving fields. Conslder
the follawing example of the TNSTRING statement writken wickh moltiple
receiving fields:

DNSTRING FIELOY IWMTO
FIELOZA PIELD2N FIELDZL.

Tigure 3-24
Multiple Bacrclving Tields

In this Sample statement, FLELDL is the sending field. Tha saftwars
perfarms the UNSTRING operation by ecanning avreds FLELDL from Llelt ta
right. W®hen the aumber of characters scanned 1s egual to  the onumber
nf characters in the receiving ficld, the software meves the scanned
characters Into the receiving field and begins scanning the next gooup
of characters for the oest receiving field.

hazume that each of the receiving fields in the preceding illustration
(FTELDZA, F1lELDZA, and FIELO2O) ig fiwve characters lang, and that
FI1BLN1 is 15 charecters long. ‘The size of eILELD2A dekccaines  the
number of characters for the Eiret mowe. The software scans acrass
FIELDP] urtli the number of characters aganned eguals the size of
FIELD2m  [G). It then moves thaose first fiwve characbtere to FPISLDZA,
gnd mats the scanner ko the pext {=2ixth) chacaster poeiticn in FLELDI.
The =ize of PIELD#E determines the &ize of the oost move. The
software begine this move by scanning across  FIELDEL  from  chacacthar
position aix, until the numbet of scanned characters equals kthe size
of FIELDZ2S (&].
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The sofbware thon goves the sixth theowogh the tenkth charactecs to
FIELDZ2B, and &eks kEhe scanner to tEhe nexk [eleventh] rharacter
position in FIELDL. FPIBELDIC determinee the size af the lest move (for
this exampls) and cauvesee chargetets 11 throvgh 15 of FIELOL ko he
moved into PLELD2E, thus terminating thiz UMSTHIKNG operaticn.

Each data movement &cts as an lodividual MOVE statement, the sendicg
field of which iz an alphanmeric field egual in size to bhe tecelving
MMeld. L[f the receiving field is numerlg, Ehe wmove operatlon will
chnvert the data Eo the numeric farm., TFor exampls, cansider what
would happen If the fields undor discussicon had the data descriptions
and were manipolating the values shown in the following bable:

Table 31-4
Values Moved Into the Receiving Fielde
Besed an the Value in the Sending FPield

FLELDL FIELTEN TIRLTER FIELDZC ]
ELC £I(15]. BPTS R[5 PIC 53:%] IFIC 5993795

VALUOE IS: LEALIN{ HSEEPLEATE

BBCOELZ31£51 2345 ABUTE +12345 3450
WARE®OOI01001 25 KAXKAR +000pUL L2330

FIDLD2A i5 an alpnanumecic field and, therefocre, the software simply
conducts an elementary non-numeric Sowe with the firek five
characters.

TIRLDIB, however, has & lceading soparate Sige thakt L not included Lo
itz aige. Thus, kLhe sofbtware maves anly flve nomoertic characters and
yenerates o positive sigeo in the separate sign posiktion.

FIELD2C haz an Lomplicd deoimal point with two character positions to
the right of it, pZu=s an overpunched sign om the lew-order digit. The
sanding field shgould supply f£ive pumeric digits; but, s8since the
sanding field is alphanaomeric, the software treats it as an uneigned
integet; 1L kruncabtes Lhe bwe high-arder diglss and supplics two zero
digita for the decimal positions. Furkther, itk appplies g pogikive
cverpunch sigm, making the leow-order digit a +0 f{oar khe ASCII
character, { P (Thoroe 15 po Eimpile way to have UNSTRING recognize a
£ign character ot a decimal paoint In bhe scading ticld.)

If the mending field is shorter than the eum af the aizez af  the
rcceiving fields, the software ignores the remaining receivieg flelds,
Il 1t graches the end of tke sending field befoee it reachee the end
af -one of the rTecsiving lielda, the software moves the scanned
characters into thet recelving fleld., It left-justifies and f£ills the
cemaining character positions wikh spaces farc alphanvmeric data, or
degimal point aligons and zeco fills the remaining chéracter pogitlons
far numecic data.
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Consider the Eollowing exacploes <f a =sendieng field that is towd short.
(Te statement iz DNSTRING FIELDL IWTO FIELDZA FIELDZE. FPIELD2A 13 &
3-charackter alphanumeric £ield, and receives the flr=t three
characters of FIELDL (A3C) kr every operation. PIELDZE, hawesar, tuna
aut of charackters every time before fikling. Since FIELDZA always
conkaing the chersceters 2HC, it i= not shown.)

Tabhle 31-5
Handling a Sending Field that is Too Shork

FIELDL FIELDZH FIELDIE
BETIC wif) BTOCTURE I3: value after UNSTRING Operakblon
vALOE IS5:
ANCCEF ARy DEF

593494949 NoZ4F
ABC24% RN Bl

59999 +245

LERDI KRG GEPRALTE.

3.8.2 The DELIMITED BY Phraee

The size af the data t2 be moved can be controlled By a delimiter,
rather Lthan by the agize of the receivling field., The DELIMITEDR BY
phrase supplies the delimiter charavters.

THETRING delimiters are gquite E£lexible; they <¢an bs literala.;
figurative constanta (including LLL liktersly, or 1dentifiers
{identifiers may over be subscripted data=-names). Thls sub-sectlon

dizcusases the wuee aof rthese three types of delimiterse.  2ubsegquent
geectione cover wmultiple delimiters, the COUNT phrase, and the
DELIMITER phraee. 3Subscripting delimiters ls Jdis¢uesed at the end of
thiz section under Subscrlaoted Fields in DNSTRING 3tatements.

Consider the following =sample UMSTRIEG statement; it use= the
figurative conskant, BEPACE, as a delimiter:

UESTHING FLELD1 DELIMITED BY EFACE THTO FIELOZ.

Figure 3-25
belimiblng wikh a Bpace Character

In tni& example, the a2nfiware =cane  the sending  (ield  (FIELD]) .
searcting far o Space chatacter. If it encounters & space, it moves
all af theo scanped [(non-space) characters that ptecede that space (o
the teceiving field (FIELDZ). If ir finds oo space character, it
moves the entire gending field. When 1t has determined the 2ize of
the =ending field, the &oftware mavee the contents of that field
following the rules for the MOVE Statgement, truncating or gero fl1lling
a3 regquired.
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The faollowlng toble shews the resplea of an MSETRING oparatien  that
delimits with a literal asteriek (UMSTRIWG FIELD] DELIKITED By "=-
INTD FIELDZ).

Takle Z-AG
Bosults of Delimiting with an Asterisk
FIELI] FIELDZ FIELTZ
PIC A&} PICTURE Is: VALLE MREFTER
VALUE I&5: URSTRING
= —_—
xixx REC
ABCDEF (T ARECDEFR
XX JUSTIFIED DEF
bk b }:H}:
*hRCOE AuX
AFERTA XXX JUSTIFIED A
2ap*E* 5H9BO 0zZ4F
LZ345% 540499 SEPARRATE 2345+
TRAILTIHG
sdbgxk 5599Y5 SEEARATE 3630
LEADIKG
klipw 0509 neno

If the delimitet matehes the First character in the sending £ield, the
goftware considers the size of the sending Field to Le zera. The
movement operatlon skill takes place, however, and fille the receiving
fleld with spaces or zeraoes depending on ike claszs,

A delimiter may a#l3c be applied ¢ an  UWSTRING =rtatement Ehat has
multiple regeiving Cields:

UNSESTEING FIELDL DELIMITEL BY SPACEK
inTd FIELDZE FIELDIG.

Figure 31-IG
Delimiting with Multiple Recelvling PFields

The sample inetruction In Plqure 3-268 cause= the seoftware (o  scap
FIELD] searching for a character that matehes the delimiter. TE it
Finds a match, it mowvee the 3canned characters to FIELDZE and seks the
eczannet Lk the next character positlon to Ehe right of the charactar
that matched., It then reaumea scanning FIRLD] for a character that
matches the delimiter.
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If tine sofbware finds a match, it mavas all of the characters that lie
between the rcharackter +that Firak matched Ehe delimiter and the
aharacker that matahad on che fecond Scan, and #Heks the scanner ta the
next chareacker poeition to the vight of the charackter thalk makcched.
(The DELIMITED BY phrase cauld handle additicnal receiving Eielde in
the game manner as 1t handled FIELDZB.]

The following table shows the cesoelts of an OWSTRING operation that
applies a delimiter to multiple receiving fielde [URATHING FIELDE
DELIMITED BY **" IMNTO FIELDZA FIELDZB).

Tanle 3-7
Reaults of Delimiting
Multiple Receiving Fielde

FIELDL VYALUES EFTER [NESTRINSG OPERATIGH
PIC X(8) FIELDOZR TTRLOAR
waLUE I5: EIC X3 E1& Xi(3)
—_—_— —— ————— e e———— T =y
AHEC¥DEEW BB NEF
ABLCDEYEG LB Fi
Htﬂttttt la‘. B
TARYCDEY AE
**ARCDEF
A*BCOEEG B HCL
AHC* A DEF BGC
EFXEEREN] n

The last twoe eraoples tllusitvrake the limitations af a single characker
delimlter. nocordingly, the delimiter may be longer thano one
character and it may beo preoceded by the word aLL.

The following table shows tha results 9Ff an UKSTRING operation that
uses a 2Z-charactey delimlter [ONSTRING EIELDI DELIMITED BY "##" TNTO
FIELDZE FIELDIB] :

Table 3=H
Begults af Dalimiting
with Two apteriaka

FIELDL “ VALUEE AFTER UNSTEING OPERATION
FIC X44) FIELDIL cLzLndE
VALIE IS5 PIC XXX 2IT XK
JUSTIFIED
e ————— e —
ABC*2TIEF £BC BEF
ArpForpr AYE
AR*¥*CEN LB C*D
ESTEESE L LT *ThF
BB**Cht* LE CO
_;'LE'***';D* LT [ L]
LRBtEwrEE"[q LE
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Unlike the STRING statement, the DNSTEING statement accepts Lhe BLL
literal ge a delimiter. wWhen the word ALL presedes the delimiter, the
action of ehe UMSTRING =tatement remains ezsenklally the same ag with
cne delimiter wuntil the scanning cperation Einda & match., &R Ehia
palnk, the zoftware scans farther, looking for additional consecukive
atrings of characters thakt alsa match tke delimiter item. It
coneiders the "ALL delimiter" to be one, twe, three, or more adjacent
repeticiong of the delimiter item.

The following kable fllustrates the reaylis of an  DMSTRING operation
that wuses an ALL delimiter {UNSTRING FLELOD1 DELIMITED BY ALL "*% INTO

FIELDZA FIELDZH).

Table 3-9
Besulks of Telimicing
with ALL Beterisks

FIELD1 YLLUES BETER UKSTEING OFERATION
PIC X &} FIELDZA FIELDZE

VALUR TI5: PTC XKMXK P1C XXX

JUSTIFIED

ABC*DEF=* ABC LEF

BEC**DEF ADC EF

EEAAKANE A F

A*FHA*AZ A F

LE*CDEFG ﬂ A EFG

The next table illpstrates the regulte of an UNSTRING
with a ?-chacacter delimitor

combines ALL

aperation
[ONSETRING FIELD]L DELIMITED

B¥Y ALL "9#" TNTO FIRLEIA FIELDZH).

Tebhle 3=10
Fesults of Dolimlting with
ALL Douhle Aakercilchks

FIELD] VALJES AFTER TNETRIWG DPERLTICH
DIC X&) FIC XXX BIC XHX
VALTUE TE: JUSTIFIED
= -

AREC**DRF AR DEF

LB*EQE 2H LT
AEFEMENE A *T

PRI T T A e
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I addition to  unchargeable delimitecs:  Ssuch a8 literale and
flgurabive constants, delimitecs may be desigpated by identilflere.
Identifiers {(wnich may even be subscripted data-names)! pecmlt varlable
delimiting. Cocsider the followicc sample Statemont:

UHSTEING FIELDL DRLIMITED EY DELL
INMTC PIELL#h FIELLZB.

Figure 3=21
Delimiking with an IdentiFicc

The data-aame, DELZ, muskt be alphanumctic, It may &Gbe 8 AJdroup at
elementary ditem, and it may ba edited. (Since the delimiter is nab a
receiving field, any editing characters wlll oot elffegt ika uss, other
thman contcibubking to the size af the item.)

IF the delimiter cantaine a suhscripk, the subscript may be varied as
a 2ide effect of the UHSTRING operation. Thke ovaluatlon of sunscripts
iz di=zcueged later in thiz sectiamn.

J.8.2.1 Hultiple Delimikters - The UMSTRING statemenk nas the akililty
tn zgan oa =sendlng Fleld, =searching for & mateh from a list of
delimiters. This list may cankain ALL delimbteors and delimicera of
varioue =ize=z. The only requirement of the list is that delimltecs
muskt ke connected by the ward OR.

Tae following sample statement separates @ aending leld  inte three
receiving fialda, Thee =gending field consists of three sErings
soparated by bthe Tallowing: (1} &ny numzer af apaces, ar (2] a2 comma
fallpwed by a =2lngle =space, or (3) a gingle comma, or (4} a tabk
character, or (%) 2 carriage return character. (Tae ", " must precedeo

Lhe "," in khe 1ist A7 i+t i3 ever 20 be recogoized.)

UMSTRING FIELD]l DELIMITED EY
ALL SELCE O

H_- il ,::'R
rI:II '::'R
ThE CR
R

THNTD FTETLND2ZMN FIELDZE FlELDZC.

Figuce 3-2d
Multiple bDelimiters

Tabhle 3-1L illusktrates She pokenkial of this statement. The tab
(reptesented by the letter t) and carriage cetucn (represcated by the
letter )y characters reprosent 21ngle character fields containing  the
MECIT horizantal tak amd catrriage vetuarn characters.
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Takle 3-11
Bpgults of the Multiple Delimiters
Shown in Figure 3-2A

FIELDL FIELDZA FLELLZE FILEL0ZE
EBIC x({12} FI{ XAK PTC Q90 PIC KXXK
& .0,Cr A 00 o
htdSe, T B 045s [

b 3 5 A ool %

htbBE & nGEoG B

L,.C L oo -

LBCD, 4321,.% D 43121 g
t--tab character, r——carriage return character

3.8.3 The COQOUNT Pherase

The LOUNT phrase keeps ktrack of the aize of the =sending string and
etarea the length in & veser=-supplied data area.

The lengtn of a delimited gerding Field may vary widely (fram zZers Lo
the full length af the field) and some pragrams may Iegquire knowledge
of this length. For example, if it exceeds the size of the recelving
field (which ia fired in size) =Bpme deta may Se truncated and, the
program'e logic may reguire thla inlformatian.

To usa the phrase, simply follow the recaiving ficld pame with the
words COUHT 14 and an identifier. Consider the followinoa sample
statement:

DMETRING FIETT] DELTMITELR HY ARIL "*"
INTO FIELN2A COUNT T CODNT2A
FI1ELR2E COUNT LM CAOUNTZE
FIELDZC.

Figure J-329
The CODWNT Phrase

In this zample etatement, +he sScftware will count kEhe cumber of
charactere between the left-khand end of FTRLD] 2nd Lhe Firsk askar izk
In FIELD1 and place that walue inta QOTHNT2AR: +thus, COTHNTZA comSains
the sgize aF the Ficet sendinog string. The softwzre does not ipclude
the delimiter in the count [as it is oot a part of the string).
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The suftware then counts the numbet of charackers 1n the aecond
aending [leld pnd places that wvalue intoe COUNTIR,

The phrase shownld be vsed cnly whoro  nfeadod; in Ethis oxampls  the
length of the string moved to FLELDZC is nolk needed, =0 no COUOHT
phrase follows L,

If the ceceiving field iz shecter than bthe value slaced 1in the count
field, the softwace trunvates the Sending string. (If the numZer of
integer poeitions in 8 numeric field is smaller than the waluc placed
inta the count field, high-order numeric digits navc boen last.] If
the anofkware finds a delimitker match onm kEke first character 1k
examines, it places a zeto in the caunt Cield,

The oount Field must be described ae a numeric integer, elther COME or
DISPLAY usage, with no editing symbols net the character P oin its
picture-string. The sofbware moves the cpounk wvalue inta the count
fleld according to the rules for an elemenktacy humeric MOYVE statement

The COUKT phrase may be psed only in conjuncktion with the DELIMITELR BY
rhrase.

3.8.4 The DELIMITER Fhtase

The DELIMITER phrasse cavees the actual character or charactetrs Lhat
delimited the eending field to be stoced In 3 user-supplied dakta acea.
This thrase is most uszeful when: 11] the statement conkaipns 4
delimiter list, {21 any avte of the 1tems in the l1isr might hnave
delimited tne fleld, and (31 srogrem logle flow depends on which  one
Faund & match. In fact, the BELIMITER and COUNT phrases cauld be uzad
togethet and program logic fiow could depend on both the zize of the
ganding string and the delimiter characterc that terminated 1%,

To use the DBELIMITEER phtase, Slnply follow the recoiving [(icld name
with the words DELIMITRER TW and an identifier. [The saftware places
the delimiter character in the area named by the [dectifier.) Consider
the following eamgle UHSTHEING statement:

DHGTRING FLELDL OELIMITED BY "," OR TAE OR
ATL SPACE OR CER
INTC F1ELD2E GELIMITER IN DELIMA
FIELDZE DELIMITEERE IM DELIME
FTELDZC.

Flgure 1-=30
The DELIMITZR Phracse

After moving the first sending etring to FIELD2A, the solftware takes
the character (ar characters) that delimited that string and places 1t
in DBELIME. DELIMA, thoen, <contsine a comma, or a tab, Or a Carclage
tekuch, of any number of apaces. Since the delimiker etring is mowved
undet the rolea of the elementary non-numeric  MOWE  etatement, fThe
saftware truncates or spacse {1115 with left or right justification
(depending on its data deacriptiion).
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The solftware then movee the second sending string 2 FIELDIB  and
places iks delimiting character into DELIME.

When 2 aerding string is delimited by the end oF the =ending field
{trather +than a mateh on a delimiter) khe delipiter string ie of zero
lengtk, This cauaes the DELIMITER item 2 be =2pace [illed. The
phrase chayld be used only where nocded; in thiz example, the
rharacter that delimikts the laak sending Btring is not needed, #Hc Ne
DELIMITEER phrase follows TFTTRLLEC,

The data item named in the DELIMITEE phrase must be describod as  an
alphanuomeric ikem, It may contain editing charactecs and 1t may even
be 2 group item.

When the DELIMITER and COUWT whrases are used together, they muast
appear  ia  the eerreck order  (DELIMITER phrase preceding the COUNT
phraee]. Both of the data items named in these phrases may be
eubscriphked v lndexed., TF they are gukacripted, the subscript may be
varied ae a gide effecl of the UNATEKLNG operaticn. (Thac cvaluation of
subscripts is discussed in section 3.0.08.}

3.9.5% The POINTER Phrase

Although the UKSTRING staktement normally stacts at the left-hand end
cf the sonding Field, bEhe FOIKTEERE shraee permits the user to select A&
cnaracter position in the sending Ficld f[or the saoftwere to  begin
gcanning. (The scanning, howaver, cemalng loFe-%to-right.}

When a sending fleld 1a ka be diapersed into moltiple r1eceiving
fields, it waftcn happens that the cholice of delimiters, the size oOF
subsequent resciving fields, etc. depend on the value i the flret
sending 2tring or the charactec that Jelimited Lhat ekbring. Thus, the
progcam may heed to move the first field, bold its plase in khe
zending field, and examine the reszplts of the gpotation to determine
haw ta handie the sending items that follow. This Ls done by using an
O¥STEING stastement with & POLNIYER phrase that £ills only the flepse
teceiving Ficld. When the firat etring has beeno moeved to & recelving
ltem, +the aoftware updates the polntoer daka ltem with a new position
(ohe character beyond the delimiter bhat cavagd the inkerruption) o
begin the rpext scanning operaticon, The program may then examioe khe
new position, the recclving field, the delimiter walue, the sending
string size, and cesune the sceanning aperation by executing another
UNSTRINS ctatoment with Lhe zame sending £ield and poinker data  item,
Thue, the OHNSTRINS statement can meve cne Sendling 2teing ar a time,
with the form of each move being dependent on the cockext af the
mreceding string =f data.

The POJIKTER phrase must follew +tho Last recelvwing  item im the

statement. Conglder the {ollawing kwo TMHSTRING statemects with their
accenpany ing POTHTER phrasces and teaska:
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MOVE 1 TO P.
ON3TRING FIELDL DELIMITED BY
":" pR TRE OR Ck OR RLL SEACE
INTD FIELD:2A
DELTMITER IN DELIME&
COONT IN LETIRER
WITH POINTEER FHTR.
[r LEI:EL = 0 GO To HO-LABEL-PROCESS.
IF DELIME = "'
IF EWTR > 8 G0 TO BIG-LABTET-PROCEES
ELZE GO TO LATREL~FROCESS.
TF DELIMA = TRH GO TO BaD=-LoBEL FROCESS.

UNSTRING FIELOL DELIMITED BY ... WITH POINTER PHETEH.

Figure 3-31
The POINTER Fnraee

PHTR cactains the cyurtenlk position of the scaoner 1n the sending
fleld. The second THETRING stekemant usese PHTE to begin scannlpng the
addltional =mending string=E inm FIELDI.

Gince the software considers the left-mest <haracter to be character
poeition ©ne, the value retucncd by PNTR may be uvsed to examine the
next charactet. To <o this, simply uee PHTE as a subscript oo the
gending field (praviding that the sending field Is zlso described as a

table of chareckera), TFor exarple, consider the [ollowling semple
coding:

Gl FTIRLD,
0z PIBELD1-CHAR COCORES 40 TIMES.

[

THSTRIEG FIRTL]

WITH POLHTEE EHTH.
IF FIELDI-CHRR(FNTER] = "X* ...

Figure 3-22
Examining the Hest Chactacter
3y Cz2ing the Pointer Data
Itcm az & Subecript

Another way to examine the next character ©f the sending field is to
use the ONSTRING statoment to move it to a l-character receliving
Field. cCapnslder the zamsle <oding in figure 3=33.
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THSTRING FIRLEI]
WITH BOINTER EHMTE.
THSTRIFNG FIBLD]1 INTZ CHAR]I WITH PQTNTRR PHTR.
ENRTRACT 1 FROM PNTH.
IF CHAR] = "X"™ ...

FPigute 3-33
Examining the Mext Charactor
By Placing It Into a l=Characcer Field

The program muask decrement PHNTR In arder [or this case Lo work like
Ehe wapne illustrated inm Figure 2-22, since the second ORSTRING
gratemant will increment the pointer wvalue by 1.

The program must imitialize the POIMTER phrase data item before the
METRING =Statement ueee ibt. The scitware will terminate the UHSTRING
operation if the ipitial value oFfF the pointer 15 less than one  ar
greater than the length of the scending rield., [A goieker walue that
iz less than one of greater than the leangth o©f the sending field
causes an overflow conditicn. Owverflow conditions are discossed ino
eection 3.E.7.)

The POINTER and TALLYING phrases ravy be used together in the csame
UNSTREING statement; buk, wbhen bokh are wsed, the POINTER phrase muast
precede che TALEYING phrase.

3.B.6 The TALLYING Phrese

The TALLYIHG phrase counkts the number of receiving fields that
received dekta from the =sending fiela.

When an UMSTRING stakemont contsinsg several receiving fields, the
possibllity exists that there may not always e as many schding
strings as there ace recelving fields. The TALLYING phrase provides a
convenlient method for  keeping a count of how many fields were acted
Wpam,

MOVE O T ROCDNHT.
THSTRING FIELDL DELIMITED 8¥ "," OK ALL SPACE
INTZ FIELT:ER
FIELI2E
F1ELLZC
FIELD:ED:
F1ELR2E
TALLYING IN ROOUNT.

Eigqure 3-3i4
The TALLYTHG Phrase
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If the software has moved only three sending sktringe when it reaches
the end of FIEBLDL, it adds 3 to RCOTHNT. The first three fields
[FIELDZA, FIELDZE, and FLELDZ]) contain data Frem the opersticn, and
the laat twa {FIELD2D and FIELDZE) d2 mot.

The TALEYIWG data item always contalng the sum of irts initial coonkents
plus the number of Sending stringe acted upon by the OASTRING command
just evecuted, Thus, the programmer may want to ipltialize the Lally
count before ench ose,

When u=zed in the zame statement with a PAIKTER phrase, %hs  TALLYING
phtase muekt follow the POINTER phrase and bath phrases must fallow all
of the field mamea, the DELIKITER and COUNT phrasea. The data items
for both phrases mosk ¢contalp numeric integers, that is, be without
ediring characters or the lettor P in their picture-strings;  Soth
dpta items may be sither COMP or DISPLAY usage. They may ne 2igned or
unsigqned and, 1f they are DISPLAY usage, thney may ¢ontein any desired
sign aptlan,

The data itamz for both phrases may be subscripted or indexed, or they
may he used as subscripts on other flelds in the statement. {The
evaluation of subscripts is discussed in section 3.%5.%.) A convenient
use af the TALLYING phraee data item is5 a3 a subsscrlipk of 2 receivicg
Field., Coneider the following sample coadind; which canses program
cantral to execukte the TUHMSTRING statement repeatedly until it cxhausts
the sendlng Field.

MGVE L 10 BNTE, TLY. |
rasl. UKSTRING FIELDL DELTMITED BY "," OR OR
INTQ FIELDZ (TLY!
DELTMITER IH DETZ?
WITH POINTELR FHTLR
TALLDYING IN TLY.
IF DELZ = "," 30 T DARL.

Figurc 3-35
The PIINTER atd TALLYLKG Phrases
Used Tegetict

This sample codind cauges program conttol to laop through the DHNETRING
etatement, wsing the pointer, PHTR, ta &Scan aceois TIRLDD with
sunoesEive cgecubicons, Each comma iselates &  sSending string uantil
wontral resches either a carriage returh charscear ar the end of
FIELDL. If it reaches the end of the f(1eld without encoontering a
carriage return character, the software places a Space intoc the
delimliter field, DELZ, and control Falls throwgh Lhe IF atatement and
out of the logp,

Since the TALLYIWG data Etem, TLY, ie increased by 1 atter each data
mopvement, it serves as a subscrlpt on the receiving field. 1In effect
khi2 caueee the eoftware to unpack the value in FIELD] intg an  &rray
af [lxod-zize fields. Further, an arcav of COFWNT dsta items can 08
supplied and loaded by the UKSTREING/TALLYING stabemenl by =zdding the
COUMT Tk phrase ta the coding in Pigure 3-35, aa i= shown in Flgure
i=3on.
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COURT I CITLY

Flgure A-36
Suoseripbing the DOUTNT Phrase
with the TALLYING Data Item

The TALLYING data item, in the above example, 15 one greater than the
number of receiving fields acted upon by the UNSTRING operation. Thie
12 bocause the data item must be initialized to a waloe of ope  in
ordetr ko be ysed as a subsceript Far the Clest cecelving 1tem,

3.8, The QVERFLOW Phrassa

The CVRERFLEOW phrase Getects the overflow condition and prcovides an
icperative statement to be executed when it detecks the condition. An
overflow condicion sxi=ts when &lthor of the follawing rwao aikgatians
LECULE:

l. The CHSTRING statement iz abaut to be erecubted and  Qts
pointer daka i%kem cantaing a  value of les=s than one or
Jrestaer thaty the side af the sending Mield., When it debects
thia sitwation, Ethe software executes the OWEBFLOMW phrase
before it mowee any deta. Thus, the walues of all of the
receiving fielde r=main pnchanged,

Z. Thne LCHST®LEG statement bhas £illed all of the receiving flelds
and data atill remaina in the sending field rthat ha= not baeen
matched aa a delimiter or incloéed inm a sending stocing. When
it dekects thils situatlon, the 2oftwars executes the OVERFLOW
phraage afker 1t has execubed Lhe DHETRING etaktement. Thus,
the walues of 211 of the receiving fields are updated, but
somse data has not beon moved.

If the UNETRIMG operatian ceuse=z che acanner Eo mowve off the end of
the sonding ficld (thas oxhaustlng 1+, bhe software will nok execute
the CWERFLDW phrase.

Canzlder the follawing sct of  instructlans, which oceuse pragram
cantrel o execube the THRSTRING efatemenk repeakbtedly unktil it exhacata
the =sending field, The TALLYING datz item is a subkscript indexing the
receiving field. [Compare thia Joom with the one in Figure 1-315,

which accomplishes bthe Same thing.)

MOVE 1 1O TLY ENTH.
EFoHl. ONLTRIMG FIELD]l DELIMITED BY "," DR CR
INTZ DIRLDE (TLY)
WITH POIKTER PATE
TRLLYIHG IW TLY
QoM OVERFLON GO0 T0 EBARL.

Figure 3=37
Using the OWERFLCY FPhrase
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HNOTE

The overflow conditiom alsc ocrurs  if
the walue of a peiatoer dats item lies
aukside the fendipg Fleld ar the stark
of execotion of the UONSTRING stactement.
{The moinktser value most not be less than
1, nor greater than the length of Ehe
sending Tield,) This tyoe of overflow 1S
not distinguiszkable ftom  the overflow
randition described ac rhe start aof this
sectian, cxcent that this conalition
calugeq the UONETRING 2tatement to
termlnakte belfore any data mevement takea
place. Then, Lhe values of all
tocelving £ields remain unchanged,

3.8.8 Subecripted Fields in UNSTRIHNG Statements

Bince the flexibility of the ONSTRING atatement 15 enhanced by
eubscrizting and indexing and patticwlarly by subscripting with other
[lelds within the =tatement {such as svhsecripting the receliving field
with the TALLYING data item ae discussed above), lb is important ko
undersatand now often and exactly when the softwesre evaluates these
zubecripts and indexes. This sub-gection discussee the freguency and
times wf subscript ovalwatian,

The: zaftware evalnstes subscripts and indexces on the following items
anly once, at the initiaticon of the OWSTRING staktement: thus, any
change in Subacript valoes Auring the executicen of the Statoement  has
no effect won these fields:

l, E2ending field,

2. POINTER data item,

1. TALTLYING data 1bem.
The software cvalustos sobscriots and indexes on the followlng items
impediately boefore 1t mowves data inte the item. [t moves the data ta
these itema in the order in which they are liated in  the statemeat
[which 1g the Bame crde=r as hbelow] :

1. Receiving field,

2. ODELIMITER data item,

3. COUNT data item,
The software cwvaluztes any subscripts and indexes on the data-names in
the DELTMITED BY phrase (delimiters) immediately before it scans sach

sending string looxing for @ delimiter match. Thus, 1t re-evalunates
these data-nazmes doce For esch receiving field in the Statement.
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If any of the fcllowing items are used as subseripts oo any

Eields,
are updated:

L ] POINTEE data—-item,
L ] TALLYING daba-itoem,
» COUONT data-item,
- Anokher tecelving field.
Figure 3=3F illustrates, with a flow chart, the sHoguence of cvaluakion
aperations:
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Figure 3-1B
Zequence of Subscript Evaluation
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HETE

The rules in Ehiz section concerning the
exact paint at which the software
evaldates the identifiers in the
DELIMITED BY phrase and the poink at
which it updates the FUINTRR andd
TALLYIMNG a@ata items, ace rules that arce
specified by 14974 American Haktlanal
Standard COBOL, ae opposed tow the STRIMSG
stataement whers these are nok sa
gpecifiad.

I.E.9 Common Errora, THSTRING Statement

The mesSt commar errars made when writing UMSTHING statemecats are:

- Leaving the QR connector out of a delimitor 1ist;
- Misppelling ot Intercheanging the worde, DELIM1TED ard
DELIMITER;

. Writing the LELIMLTEE and COUKT phrases in the weong arcder
when both are present (LDELIMITEER must procede COONTE:

» Leaving ocut the woed INTO or wrikting it as To;

- Repeating the word INTO where Lt 15 nok needed;  thus:

THSTRING FIELO]l OELIMITHED BEY Sp&CE O TAH
INT> FIELDAik DELIMITER iM DELIMA
T¥T> FTELDZE DELIMTTER IN DELLMA
INTO FIELDZC DELIMITTE TH ORLIMC.

figure 3-3%
Erccnecnaly Repeating the Word INTO

. Wweleting the POINTER and TRELLYIWG phrases in the wrong order
(POIWTER must poocede TALLYING) .

3.8 'THE INBPECT RTATEMENT

The INSPECT statement examines the character pesltiors in a Field and
counts 9c  ceplages gerteln characters (or groups of charactecs) in
that field.

Like the STRING and UNSTELNG aperatiﬂns, INSFECT operationa  acan
acroes  the Eield from left to cight; further,; Lllke Etha8e two
atakements, the INEPECT statement features a phrase which allows it o
bagin or tecminate the sScanning cperation with a delimiter makbch.
{Thue, the operaticn can begin within the field instead of at the
left=hand end, or it may begin at the left-hand end and terminate
within the £ield.)
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The TALLYING aperatlan [whlch counks certain characters in the f£field)
and the REPLACING operation {whilch teplaces cérctain characters in the
field) are guite versatile and may be apolied bto all of the characters
in the delimited area of the field being inspected, or they may be
applied only to these charactecs that makch 3 given character string
undet stated condliblons. Consider the frllowing sample statements,
which bath caume a acan of she complete Flalds

INESTECT PISLDL TALLYIWG TEY DOR LLL "B".

Figure 31-40
Sample INGEPECT...TALLYIHS Statement

This staterent scama FIELD] looking for the characker E. Each Eime ik
finde & B, it Incroments TLY by 1.

IMEPECT FTRLDL REPLACING BRLL SPACE BY ZERD.

Figute 3-41
Sample IMSPECY...HEPLACING Statement

Thie statement scans FIETDL leaking for space cnaracters. Wherever it
finds a space cherackter, 1t teplaces it with zerco.

Grer TNGPELT Stéatement can centain beth a TALLYTHG  phrase end a
REPLRZING pihraze. However, when uvused together, the TALLYING shrase
must precede the RRPLACING phrase. Ao IHSPECYT statement wikth both
phrasea ie equivalent to two eeparate INSPECT statements and, In fact,
the saftware compiles such & statement inte two discinct  1MSPECT
Etatements. {r'a simplify debugging, therefare, 1t 12 hest tbo
inltially welte thoe twoe shrases in separate I[MSPECT statements.}

3.%.1 Tha REFORE/AFTER Phrase

The BEFORESAFTER phyase acts as a delimikter and  (possibly)l restricts
Lhe area af the fleld being inspeckted.

The following sample statement would <count only +the zerpes khat
precede the percent =ign (%} in FIELD],

INSFPECT FIELOL TALLYING TLY
PoOR ALL YEROES BEFORE "3™

Figure 3-~41
Sample INSPECT...BEFCERE Stateament
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The delimiter (the percent alan in the preceding eample statcment) can
ke & eingle chacacter, a =String of characters, or any flgurative
conakant, Further, it can boe either an identifier or a literal.

] 1f the dellmiter is an identificr, it must be an elementacy
data itam of DISPLAY usage. I+ may be alphabetic,
alpnanumetic, ar nomeriz, and, it may conktain editing
characters. The compiler always treaks the item as if it had
heen described as an alpkebumeric stripg. (IL does this by
implicit redefinitien of the item, &5 deacribed in Becktian
2.5.2.)

a I +hne doliTiter is a literal, it must be nen-nemeric.

Tar s0fbweIe repeatedly compares the delimitce charackers agalnsk  an
equal number of charactera in the field being inspected. If none of
the characters Tatches the deliriter, or if insufllcient characters
remain in the field for & full comparlzan (at the right-bapd endd, the
software considers the compariscn b be unegual.

The oxamples of the INSFECT statemernt in Pigqure 3-43, illustrate the
way the delimiter <haracter £finds a makch in the {ield being
inspected. {The pottiocn of the ficld the sStatemcnt ignores a3 &
cesult af the DEFOREAFTER phrase delimiters is croseed out with &
alesh, and the portion Lt imsprcis ie underlined.)

THSTEOC L IO FIELDL WRLLE

- ———— ——u ﬁ
iNsrecy PLELDL...REFORE "E™. AECTDEPFENT
1NSPECT FIRTOL, ..AFTER "E". ZEFPFEFGHL
INSEFECT FIRLDl...BEFORE "E". ABCDETGHL
THSFRCT FIELDI...AFTER "K". AR P PRHT
TWSPECT FI1ELD]...BEPQRE "AR". KBYREFEHT
1K5#ECT FIELD] ... .ARFTER "AR"™. EFCLETGHI
INSGPFECT FIELDl...SEPORE "HT". LOCCEFGRT
INdPECT FIELDL...AFTRER "HLI™. ERFPEFER T
IMSRECT FIETML...SEFORE "I =, LECTEFENT

t IN3FECT FIELDL...&FTER "I ". EECEEFERE

Tnre rllipsla represents the position of the TALLYING aor REPLACING

rhrase.

Figure 3-413
Matching the Delimiter Characbere
t.o tne Characters in a Tleld
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The s¢ftwace scans the field for a delimitor match before it scanz for
the inepectlon operation (TALLYING or REPLACING) , thus establishing
the limits of the operation befare beginnlng the actnal inspection.
Secticon 3.%.3 further discuzses the ilmpoertance of the geaparate scan.

3.9.2 Implicit Redefipnition

The software reguires that cerbtaln flglds refecred to by the 1MSPECT
sbatement be alzghacumeric fieslde. If ane of these fields was
dea¢ribed a5 another data class, the compiler redefines Lhat fleld so
the TIHSFECT satabemont can handle it as a simple alphanumeric askring,
This implicit redefipiticn is conducted ae followa:

. If the field waz dezcribed as alpbabetic, alphanumeric
edited, or unsigned numetls, the campller simpliy recefines it
a3 alpbanumeric. Thie iz a compile-time ooeratiapn: no  daka
movement occurs at run fime,

# If the field was describod as signed numeric, the comgpiler
firet remowves the =ign and then cedefines the field as
alphanumecicz. If the sign is a =separate charactee, the
compller ionores  that character, essentially shortening the
field, and Ethat character does pot participate in the
implicit redefinition. 1f the sign i= an *overpunch™ oo the
leading or trailing digit, the gompller actually removes the
glgn wvalue and leaves the character with anly the fdumercic
value that wes =ztored in 1t, The compiler alters the digic
poeitiaon <conkaining the sign before begipning the INSPEROT
aperation and reetarea it to ikt Tarmer  value after  the
apatration, If +the sign's digit position does not cantaln a
valld BASBCII signed numeric digit, the action afl the
redefinlition causes the walue to change. Table 3«12 ghowa
these original, sltered, and restoroed wvalues.

The compiler never moves an implicitly redefined itam from 1ts starege
poattion, ®Bll redefipition occurs in place.

The poeition of an implied decimal pailnt on pumecic guoantitiee does
nat affect implicit redefinltian,
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Criglmal, nltered,

Tapla 3-1%

and Restared Vepluea Eesulting

fram Tmplicit Kedefinition

ARIGIMAL WVALIDTE LLTERED WALUE RESTORED VALUE
_————r ——— !
Y ¢ $3C) | 79
A £41) 113 & [%1}
E [42] 2 132) B O[42)
Co[4 1 (33 o433
T (44} 4 [34) T (44
E {43) 5 (AL} Foida
P o[4%) b (46! T 1dE)
G (47) ToiaAn: S O[47)
o4 i (K} E [48)
I (49} 94 (39; I (&9
L7 0 {30) b irc:
J L4 1 0321 J (A
E [4E) 2 {32) E o(4m:
L (4c) 1 733) L (4Cs
M o4 4 134] K40
N (4B 5 orahy Y !4E]
O [4E) b [36) o AR
B o(5d0) ERE FRRCTY
g [51] E 38 2 isl)
R (GZ] F [0}’ R }hZ
0 o430) b0 LY
2 [32) 2 432 B (42
3 (33} 1133 T [4%])
4 34y 4 [34] Toad:
5 [35} 3 (39] E (40
B (36} B (36) Eord6)
T 43T Toa7) G o4
a {3 i3] H (48
g |3%) ¥ (39 I (49)
Bll other wvalues o ram f e -]

Fegardless of the vvpe of

ion

inspection

[TATLYTING or BEPLARCTHGY,

the

[NSEECT statement hae only one method for inepecting the characters in
kb 1e]ld, This seetion desoriboa Lhis method.
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However, before discussing haw the inapectiom pperaticn ie conduckeed,
letk's analyze the INSPECT statement itself:

I¥SFECT FIELOL TALLYING TLY £0R &LEL "B™ BEFORE "n".

The [ield I:--E:i.nc_q-—/ The argunenl:
inapratead

The operation The delimikber
phrase Paraae
Flgurea 3-44

Zample INSPEDNT Statement

The Eocmat of the LHSFELT statement reguires that & field be wnamed
which 1ls to be inspected (FIELDL abovel; thke field name must be
followed by an apecation phease (TALLYING TLY  abaova): and, that
shrase must be faollowed by one or mare idenciflers aor literals ("B"
abowe] . Theze identlficces or literals comprlse the "acguments" (items
to pe compared bo the [lald belng Inegected) . More Lhap 9nge argdument
makes up tae Targument list".

- TALLYING Acyumentis

Each argumant in an  acgument list con have wother fields

associatec wikh it. Thus, each argument that is u=ed in a
TAHLLYIMG pperation must hawe a tally coumter (TLY  showve)
asdmciated with it The software incremenks Ethe tally

caunter each time it matches the argument with a character oz
group af charagters in the Ficld belng Lnspected.

- REPLACING Arguments

INSFECT FIELD] REPLACING ALL "0O" BY ™s&=,

! replaclng adgument

Figure 3-45
Sample REPLACING Argumenk

Each argument in an argument llst that is used im a REPLACING
gperaticn must have a replacement item {3 above] asenciatbed
wikth it. The softwaore uses the replacement item +to regplace
cach string wf characters in the field that matchea the
aroument.

BEach argument in an argument liek (that is used with ecither a TALLYING
2 REPLACING operatian) may have a delimiter Field [(BEFORE/LETER
phrasa; geaocisbed wikth it. If kEhe dellmiter ficld 13 oot present,
the sSoltwate apolics the argument ta the entire field. If the
delimiter [ield 1z present, tho oofbware applles the argument only  to
thet portion of the field specilfied by the BEFDRESAFTER fbkrase.
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3.9.3.1 BSeatting the Scanner = The IHSPECT operaticn heginz by setting
the eacanner to the leftmost characker posiktlon of the field belnd
inspected. It remains on this charecker unkil an  argument has boeen
matched with & character (or characters) or until all acguments have
failed Lo find a match at thakt posiktion.

3.9.3.2 BAetive/Inactive Arguments - When Zn argurent nes a
BEFCRESAFTER phrase Aasccisted with it, that arguicnt has a delimiter
and mav nalL be e2ligible to participake Ln & comsarison at  evely
pogition af the scanner. Thus, each acgument 1n tne argument list has
an ectivesinactive status at any given aetting of the scannec.

FoI example, an arqument that has an AFTER phrase assuciaoted with 1t
getarts the INSPECT apnsrakion in an inzctive state. The delimiter af
the AFTER phrase maak Find a match before the argumenl can participate
in the comparlsaoen, wWhan the delimiter EFinds & mabkch, the software
retaing the cheracber position beyond the mabched character  stelng;
then, when the scanner reaches or passea this positien, the argument
bogomnes ackive.

indreECT FIELE1 TALLYIMG TLY
FOR ALL "B" AFTRR "X".

Figure 3I-4&
Fample AFTER Delimiktec Bhrase

If PIBLDI in Figur=a 3-d48 has 2 walwe of "ABABXZIBAY, the argument B
remaing  lnacklve until the scanner finds a match fot the delimikter XK.
Thus, argument 2 cemalns inackive while the software @#cang character
poeiticne 1 through 5. At characker posicion %5, the dellmiter X finds
a match, and since the eharackter poeitiom beyond the matched delimiter
character is the point at whlch Ehe argument becomes ackive, argument
N i3 compared for the first time at characker pasition 6. It finds a
suceessful matck a2t character positien 7 and thia causes TLY to be
inceemented by L.

Tne: cxamples in Figure 3=47 illustrate other sSltwations where the
argoments andfar the delimiters are longer  than one character.
[Conaldar the aample statement to be an INMSTPECT.. .THRLLYING statement
that i=s ecannieg FILELDL, +tallying it TL¥, and loaking Eac the
argquments and delimiters ln the left-hand coclumn. Assume that TLY i3
inikialized tao 0.)
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ARCUMEET &NI FIELD]1 ARGIMENT CONTEMTE OF
DELIMITER FATUT ACTIVE BT TLY AFTER SCAE
POSITION
s e = . . ____
AXSXXXAGE A 2
"B™ AFTER "XK" AXAEARRE 1 n
EXEXEEHBXK never {
BXBXXBEXH ] 2
K" AFTER "Xx" AXAEAENX K| &
BEEBEBBLX never i
BXYEXBYX 7 0
"m® AFTER "XB" ¥BEBXBXE 3 k)
BEEREBXE Lot 1]
AXAXANAAX & 1
"BK™ LFTER "XE" AXAXKBELKX & 1
ANBXANNEX 1 1l
EBigure 31-47

Whare Arguments Become Active In oa Fleld

When an argument has an assaciaked BEFPORE delimiter, the
inactivesactive gtates revetrsse r1ales: the argumenk is inm ah actlive
atate when the ecanning begirs, and bhecomes inactive a2t the characteor
pesltion that matches the delimiter. &dditionally, regacdless a9f the
prezgence of the BEFORE delimiter, an argument becomea  inacliive when
the ecanngr approaches +the rclght-hand end of the {ileld and the
remaining charactere are fewer in nomoer than the charactere in the
argument. {1ln such a caee, the argument cannct possibly find a match
in the field eo it bkecomes inaceive.}l

Einte the BEFORESAFTER delimiters are found on a separate scam of the
field, the =oftware recognizes znd sets up the delimiter koundariea
betfore 1k scans £a¢ an argument match; thecefore, the samc chacacteors
can be uged as argurmentsd and delimiters in the zame phraee.

3.9.32.3 Finding an Acrgument Match - The aofbware selocks argumetts
from rhe argument list in the order in which they appear in the list.
If the first one it selects is an active arwument and the copdiblons
stated in the I1HS5PECT statement 3llow a compariaan, the sofkbware
oomparas ik toe the character at the positicon oF the scanner. If Ethe
active argument docs: oot Eind & matvh, the Softwace takes tho noext
actlve argument from the list and compares that to the same character.
It pone 9F the active arquments Eipds & matck, bhe scanncr moves one
gogiclan to khe right gnd hegine the ingpaction cperalion =sgein with
the firast ascvive argument 1in the lisek. The inepection operation
terminates st the right=hand end of the field.
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When an ackive argument does find a match, the eofkwars lapores ey
temaining arcuments in the list and conducts the TALLYING of REFPLACING
operatlon on the character. The scanper movea to a new pasiclan  and
Ehe neXt inspection operation begins with the firet argument in tche
list. {The INSFECT Statemenkt may <ontain additional conditicns, which
#re desceilbed lakber 1a thls seckion; thisz discuaeicn, howewer,
seaumea that the acgument match 13 allowed to take place and  thak
inapection is allowed te continue follawirmg the match. )

The software updatee the scanner by adding the elze of +the matchling
acyumechk to 1t. This moves the scanner ko the next character beyond
the stfing 9F charactecs that matched the acgument. Thus, ance an
active argument matches & striog of charactecs, the statement does not
inspect those character poeitione again unleas  program captral
exerukbes the enktire statement again.

1.9.4 Suybacripted Flelde in IKSPECT Statements

dny identifier named in an IHNSEECT statement may Lbe susecrigted ot
Indexed.

The saftware evalvates all subacripts in an  IMSPECY statement sncoe,
befaore the inepection begina; therefate, 1f the acticn of £he THEPECT
statement altecrs one of the subsccipte, the new subscript walue has no
effect on the selecticn of aperands during that inspection operation,
Far example, conslder the following illustrations:

HMCWE 1T T3 TLY.
INSEECT PIELDL 'CALLYIMG TLY
POR BLL X(TLY].

Figure 3-4&
Sample Subsccipted Arcgument

In thiz sample statemant, the solbware ovaluates the address of X(TLY;
anly onge, befare 1t begins  lnspecting the field; hence, it will
eyvaluate X[TLY} as X[(ll. 7The alteration of TLY Ly the acktlen of
inapecting and tallying kaa no effect on the choloe of the X operand.
(X(1l}) will be used throughout the aperation.}

KGTE

When subscripting an  INSPECT statementc
that pgantaing baoth & TALLYING and a
REPLACING phrase, keep in mind that Gthe
statement will be compiled inke  Ebwo
separate INESFECT statements. Therefore,
any field that ias altered by the action
wf Ehe THSPECT...TALLYIMGE etatement will
be 1n iks altered state if used asg a
5ubscript by the LESPECT. . L ROPLALCTING
statement.
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3.9.5 The TALLYING Phrage

&n INSPECT =skatement that econktalns & TALLYING phnrase counts the
gUenl Lence of various character Strings under certain atated
conditions. It keeps the copnl in e user=desigrnated field called,
hare, & bally countor.

3.9.5.1 The Tally Countar - The identlfler that follows +the word
TATLYING gesiqnates khe  tally councer. The identifiec may be
scbacripted cor indexed. The data item must be a oumeric lnteger wikh
ne editing or P characters; it may be COMP or DISFLAY usaoe, and it
may be signed {separake or owverpuncheod] .

Fach time tne +tally argueent matches the delimited string being
ingpected, the seftwace adds | ke the tally counter.

The programmer oan lnitisalize the telly counter to any oumecic  wvalue.
(The INSPECT atatemsant does not initialize it.)

%.9.5.2 The Tally Argument = The tally acgument specifleg a
character-string and a rcoepdition under which that string zhowpld be
compaced ke the delimiked akring being Ingpecked. The followlng
figqure shows the format of the tally argqument:

{ALL ] !identlfLELE
|LEADING] {llkecal
“HARRCTERS

Figure 31-4%
Focmot ©f the Tally Argument

The CHARACTERS form of the tally arfgument speclfles that every
character in the delimited atring being inspected should be consideced
e match an imaginacy character that serves as  the tally esrgument,
Thiz incremenks  the tally cownter by & walue thet equala the aize of
the delimlksd akring, For example, the statement in  the following
illugtration causes LY to be ipccemented by the pumbetr of characters
that precede kthe first comma, regardlezs af what Ehoae charactera
might Se.

-

TMRPRCT FTETOL TALLYING TLY FOR
CARELCTERS BEFOHE ",".

Figure 2-50
CHAERRITERS Form of the Tally Argumenk
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When an active argument does find & match, the sSoftware ignorez= any
temaining aeguments ip the list and conducts ehe TALLYING or BEPLACIHE
cpecation on the character. The scanner moves ko & hew position  and
the next inspection operatioen begins with the first argument in the
list., (The 1HMSPECT statemefit may contain additienal condltiens, whkich
are described later in this saction: thiz diecussicn, however,
agsumecs that the argument makch iz allowed to  take place and that
inepection 18 gllowed to coptinue follawing tho match.)

The software updates the scanner by adding the size o©f the matching
argument ta it, Thiz moves the scanner to the nodk characker beyend
the string of charackters that matched the argument, Thus, once  an
actlve atgument matchez a etrimg ofF charactere, the atatement does not
inspect rthoze cCchatacter poeitione again ukless program control
executes the entlre staktement agaiem.

3.9:,4 Subsetripted Fielde in INSPECT Statements

any identifier named Lln an INSPECT statement may he subseripted orc
indexed.

The software evaluates all subseripts in an  INSPECT statement rnoe,
before the lnspection begins; therefore, if the action of the INSBECT
statement alters one of the suhscripes, the new subsgript value has no
effect an the eelectlon of vperande doring that inspection operatiom.
For example, consider Lhe following illustration:

MOVE 1 T3 TLY.
INSFECT TIELD1 TALLYING TLY
FORE ALL W(TLY).

Figure 31-4E
Sample Subscvripted Argument

In this sample statement, the sofkware evaluates the address of X(TLY)
only once, before it begine inspecking the field; hence, it will
ergluate X(TLY) a8 X[1). The alteratien aof TLY by *the acticm of
ingpecting and tallying has no effect on the cheice of the ¥k operand,
(X[l will be uzed throughdut the operation.)

HOTE

woen subscripting an INSPECT Etatement
that containa both & TALLYING and a
REPLACING phirase, keep in mind that the
gktatement will be coampiled ioto  two
ecparate INSPECT statement=. Therelora,
any Ficld that iz altered by the action
of the INEPECT...TALLYIKG statement will
be im its agltered atate if u=ed as a
subscriptk by  the IMSPECT. . .REPLACING
atatemant,
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3.%.3 The TALLYING Fhrase

A INSPECT statormenk  Ehat  conkains a TALLYING phrase counts  tho
CCCULEENCS af various character stelngs wndar certain skated
conditions. It keeps the count in a2 pasr-designated £ield called,
hera, & tally countacr.

3.9.5.1 The Tally Counter - The identiflcer that Ffaolleows the word
TALLYING  designates the tally counter. The identifier may be
aubseriptod or indexed. The data item muskt be a numeric integer with
ng  rcditing wr P characterar it may be COMP or DISPLAY uwsage, and it
may be signed (eeparate or ovecpunsticd) .

Back time the tally argument matches the delimited string helng
inspected, the =software adds 1 to the tally counter.

The programmer can initialize tae helly counter to any ouwnetle wvaluee,
(The INSPECT sbabement doms not initialize 1L}

3,9,5.2 The Tally &argument - The tally arqument speclfies a
character=-gtringy and a conditioc undec which that atring sheould be
compared to the delimited skring being inspecred. The [allowing
1gure zshows bhe format of the tally argument:

1ALL } identifierj
LEADING likeral E
CHARERCTERS

Figqure 31-145
Format of the Tally Argument

The CHARACTERS form of the tally argument @Spoeclfiles that every
character in Lhe delimited string being inspected shouwld be copsldered
to mateh an imaginaecy character that serves a5 the kally argument.
Thisz inccements the tally caunkse by a walue that eguals the size of
the delimited string. For ¢xample, the etakement in the follawitg
{lluakration causes TLY to be ianccementad by bthe number of characters
that arcceds tkhe first comma, regardless of what those characters
might ko,

I¥SFSCT FIELD] TALLYING TLY FOR
CThREMITERS REEFCRE ",7.

Figure 3-50
CIARACTRES Farm of the Ttally Argument
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Thus, the first argument is imitlally imactlve and becomes active ocnly
ffter the Eranner encountere an A; the sccond argunent begins the
s¢can in the active state but becomea inectlve after a B has Leen

encaunteced; and the third argument iz active durlng the entice Scan
of FIELDL,

Figure 3=55% shows vatlous values of FIELD] and the cgantents of the
three tally counkrets after tiHe scan. A4ssume that Ehe counters aro
initialized to 0 Lefore the INSPECT statement,

CONTENTSE GF TALLY CQUNTERS AFTER SCREH

FIELD]
VALDE Ti T2 Tl

P —— e —_— r——sa
L.C:D.E.F 1 i 1
L.B.C.5I L 1 #]
5,8, C:D X ¥ ] 4]
L:R;CtD 0 i} 3
* B,C.D 0 i ]

Flgure 3-5%
Results of the 3can in Flgure 3-54

The BEFORE/RFTER phrase appliee only Lo the argument that precedes it,
and delimits +he fleld Eof that argument only. Each BEFORESAFTER
phrgae fauges g geparate Soan of the field o determine the limies  of
the field for its corresponding acgumant.

3.9.5.4 Interference in Tally Argument Lists - whern ageveral Eslly
argqument® conktalin one or more identical charactere thalk are ackive ag
the same time, they may Lotecfere with each other f{i.e., when one of
the argumente finda a match, the 3canner iz stepped past the matching
character{z] which prevents those charactec(al from belng considcoced
fer any other mateh).

The example in Tigute 3-56 illustrates two 1dentical kally arguments
Ehat d¢ not interfere with each cther since they are not active at the
game time. ([The flrst A ipn FISLDYl causes the first argument to become
inactive and the gecond argument to become active,)

MOWVE 0 TO T1 T2,

INSPECT FIRLBEL TALLYING
Tl FOER ALL "," HEFORE "AW
T2l FOR ALL "," &AFTER "A",

Figure 3-56
Two Tallying Argumentsz tihat
Bo Nobt Inketlere with Bach Other

The two identlcal tally arguments im Figqure 3-57 wili dinkterfere with
cacn other since ooth are ackive at kEhe same time. [For any given
praltlon of the scanner, the argumentz are applied to FIELD1 in  the
order in which they appear in the statement., When one of tonem finds a
mateh, the sScannecr meoves o the next position and igoores the
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remzining arguments in the argument list.} Each comma in FIELDL caddes
Tl to be ipcremented by 1 acd the second argument to be ignoced.
Thus, T1 will always contain an accurate count of all of the commas in
FIBLI1, and T2 wil: zlwaya be anhchanged.

INEPRCT FIELDL TALLYIMG
TL FOR ALL ","
T2 FOL ARLL "," AFTER "AY.

Figure 3-37
Twa Tallying &eguments thatk
Do Inteorlere wikth Each Ocher

The following statement achiewes the eame results a= the statement in
Figura 3-56. rhe Ffirst argument does not become ackive until the
scanner encvuntecs an &. The Zecond zrgument tallles all commae  that
precode the A, After the A, che first acgument counks all commas and

causes the second argument to ke lgnorad. Thus, Tl ocontains the
numbar oF commas that precede the first & and T2 conktains the numberz
of cvomoas that Eollew the flese A Thiz statement works well ae

weltten, but could be more confasing to debug than the one in Figure
3-5a,

INGPECT FTRT.D] TALLYEMG

T2 FOR LLL "," AFTER "A"
Tl FOR ALL ".".

Figure 31-54
Twoe Tallying hrgumebts that,
Bacauze ot thely Pogitioning.
Only Partially Inkerfere with
Each Other

The preceding three examples show that one INSPECT  statement cabnok
coent  any  characker more than once.  Thus, whon  using the same
character in more than ¢ne acgument of an argument lisk, <¢onsider the
pature of the interfecence and choose the order of the argumants very
carefully. The solurlon o the problem may ceguire two or more
INSPECT statements. Conglder cthe following problem:

INEPECT F1ELI] TALLYIHG
T1 FOR AT "RE"
T2 FOR RLL "BCT®.

Figure 1-%9
An AbEempt to Tally the Characker 1
Wwith Two Arguments

If FI1ELD] conkains "ARCABC", efter the scan T1 will he incremented by
a 2 and T2 will be upaltorsed. The successful matching of the argumenk
ipcludes eash B lm the Field. Bach makch resekba the acanner  to the
chatacter posltlon o the right of the B, and causesa the second
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argument to never be successfully matched. EReverslng the order of the
arguments has no effect,; the results cremale the game, Only asperete
INSPECT statements can develop the desired counts.

gomekbimes the prograsmmer can use the Intecference characteristicea of
che THEPECT stakement ta good advantages, LCongider cthe following
gample argument list:

MOVE ¢ T2 T4 T3 T2 T1,

I[KSPECT FIELD]l TALLYIMNG
T4 EOR ALL "&*&*n
T3l FOR ALL "E®x"
T2 FOR ALL "***
T1 FOR ALL "#",

Figute 3-BG
Tallying Asteriek Broupings

The arogument lisk ic Piguore 3-60 counts all of the asterisks in FIELDL
put in four different tally counters. T4 counts the aumber af times
that four asterisks ocour bogetber; T3 counts  the number of Eimes
thtee asterizk:s appear together; 72 counts double asterisksz; and Tl
counks singles.

If FIELOL cocntaina 2 etring of mare than four consecutive asterisks,
thae argument  lizk  hreaks khe abring inke groups of fowr, and countas
them in T4, Tk kEher gcounts Ehe leegz-than=four remainder in T3, T2, ©r
T1.

Reversing the arder of the argumenta in thia list causes T1 k¢ Soubt
all of the asterisks and T2, T3, and T4 to remain unchanged,

Wheo the LEADING condition 15 used with an argument in the argument
list, that argument becomes inactive as Bepon as it faile to be matched
imn the field being inspected. Therefore, when two argumenta in  an
argument list contaio one or more identical characters and cne of kthe
argqumentz has a LEADING candlkblan, the argument wWith the LERDING
condition shouwld appoar Elrst. Congsidet  the following apmple
2tatensant

MoVE 0 20 1Tl T2,

IHSESCT FIELDI TALLYIKG
Ti FCOR LEADING "=*®
121 FAOK aLnL %",

Figure 1-&1
Plavlng the LEADING Condition
in the Argument Liek

The placement of Lhe LEMRDING condibklon ip thiz sample statement causses
Ti ta ecaunt only leading asterizks in PIELDl; the ocoucronce oF any
other ghatacter stops this cvounting and causes the first tally
argument to becama  1Inaclkive, T2 Rkeeps & Lount of any temaining
asterisks in FIELD].
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RBeversing the crder of the argumepts ln this statement resultz im  amn
argument list that <an never increment T1.

LNSPECT FIELDL TALLYING
TZ FOR ALL "*°
Tl FOE LEADIHG =*%,

Figure J=82
Reversing the Argumenk
Liek in Figure 3-&l

If the firet character in FIBLD] is mot an asterlsk, nelthoe  argoment
can match bt and the second argument becomee inactive. If rhe first
character in FIELDL l3 an askterisk, the firat argument maktches and
causes the second argument to be ignoreed. The firak toh-asterisk
character im FIELWD] will Eail &to matesh the firpst argument and  the
gecand argument will become lnactive. (The scecopd prgument becomes
inactive because 1t has not Tound & match in 211 of the preceding
charsctoers.)

An argument wlth both & LEADING <ondition and a BEFPORE phrase can
sometimas suceasfully "delimic™ the f£ield being inepeckted:

MOWTE 0O o ™1 TR,
INSPECT FIELDL TALLYIMG
Tl FOF LEADING SPACES
T2 FQR ALL ™ " BEFORE "."
T2 FOR ALL ™ " BEPORE "."
T FOR ALL ™ ™ BEFORE ".".
IF T2 > 0 ADD 1 T TZ.

Figure 2-b61
an Arqument List kEhat Counts
Words In a Statement

The zteatements in Figure 3=&3 count the number of "™words" inm  the
Engllsh statement 1n FIELDL, (Thizs assumes that no more than three
gpacas Separate the words in the sentence and that the sentence ends
with & period.) When FIELD]1 has bacn scanned, T2 contalnas the number
uf gaps bhetween the wards. Singe a count af the Japs renders a number
that is one lese than the number of words, the ceonditional skabement
adds opne to the count.

Tne First argumett temoves any lesding epacea, caunting them in &
different kally counter. This shortens FIBLDL hy preventing the
applicatlon of Ehe secoend bhrowgh the Eourth argquments until the
geanaetr Finde 2 non-zpace character. The BEFORE phrase on each af the
other arguments causes them +to bocome  inagtive when the sScannetc
reaches the period at the end of the sentence. Thus, the BEFORE
phraaes "ehorten" FI1ELO1 by wakling Ethe aescond through the fourth
argunents imactlve boefpre  the scanner reaches the cight-hand end of
FIFLD]. If the sentence in FIELDL is indented wlkh Fal  characoters
ingtead of s8spafe=, a Becond LEAOIWNGC argument Ccan counk the tag
characters. Figure 1-64 illustratecs bhiz technigue:s
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INSPECT FIELOL TALLYTING
Tl FOR LEADING SPALCHS
T1 FOR LEADIHG TARE
TZ FPOR AKLL " " eBtrC.

Figuctrc 3-64
Cauntlng Leadlng Tab ot Sp&sce Characters

When an argument list contains a CHRRACTERE atgument, 1t should be the
last argument in the list. Since the CHARACTEERS argument always
matches the field, it preventa the application af apny of the following
atguments 1in  the list, Howoewer, a8 the last argument In an argument
li=t, it cam ©count the remaining characters in the fielda being
imepected. Conaider the fallawing illuystration.

MOVE O T T1 T2 T3 T4 TE.
INSFECT FIELD] TALLYTMNG
T1 E2E LEADING SPACES
't rOR ALL "," BRETQRE ",
T POR ARLL "+* BEFOKE ", "
T4 FOR A[LT. "-" BEFORE ", ™
TLH FOR CHARACTERS REFORE " ,.".

Figuce 1-65
Counting the Bemaining Charackecs
With the CHABACTERS hrgument

IE FIELT:] is known to contain a number in the form fraguently nmed to
igput data, it may contain a plus or minus sign, and a decimal point;
further, the number may possibly be preceded hy szaces and  terminated
by a comma. If this statement were compiled and executed, it would
deliver the fallowing rezults:

Tl would cootain the nember ol leadlng soaccs,
T2 wauld oontain the number of perisds,

T3 would contaln the number ofF plus Sigos,

T4 would econtaln the numher of minva aigns,

b ) would contaln the number of cemaining charactars (assamed o
be numeric) . and

the sum of T1 through T5 {plus 1} gives the character position
cccuplad by the Eocrminating comma.

3.9.&6 Tha REPLACING Phrase

When an INSPRCT statoment contains & REPLACLINHG phrase, that statement

galectively replacez c¢hatacters or groups of characters in  the
designated field.

HON-MUMEEIZ CHARACTER HAMBEING 3-55



The RRPLACING phrase names & aogfoh ergument cowneleting of a charackcer
stelng of oane or mote chavacters and & condition under which khe
etring may be applied tu the Eield being inspected. Agzociated wlith
the =earch argqument is the replacement walua, which muse be the same
length as the seacch argument. Each time the scarch argument finds &
ratch in the field being ifspected, undet the conditien steted, the
replacement value replacea the matched characters.

A BEFOERESBETER phrase may be used to delimit the area <f the fleld
boing Insceocted. A search argument appliee anly to the delimited area
ot the field.

1.%.6.1 The Zearch Argument - The search argument <f the BEPLACTEG
phrase names a character string and a copditlen under which the
vharacter string should be comparad bo Eke delimited atring being
inspected. Figure 3-£6 ghows the formak of the Seacch argument:

[ALT identifier
LEADLNG Iliteral
fEIRET

CHARRACTERI

Figure 3-o6&
Farmak aof the Bsarch Argument

The JHELRLCTERS form =f Ehe scarch  argument apeglfles  that  every
character in the delimited steling belng Iinspected ahould ke coaneidered
te match an imaginary charactet that seceves &5 the =esrch  argument.
Thus, the replacesent value replaces each character in the delimited
string. [The replacemsnt value, in this czse, muat be one characker
Long. )

Tha AL, LRADING, and FIRST [arms of the a@arch  argumenk  epecify a2
patticular characker steing, whilch may be represenkted by a literal or
an ideptiFice. The searcih  argument cheteckrr abkring may be any
length. Howewer, each character of +the arcgqument must match a
character in the delimited string before the software copnsldoces  Ehe
argument matahed.

. A literal characker stroinyg must be ¢lthec non-numeric or  a
Flgurative eonastant  [(obher than ALL literal), A figurative
constank, such as SPMIE, IZERD, ebc., TIepresente a single
charaoter god can be wrlbkten ag " ", "0", etc. with the same
geffect. Sipnce a figurative conskant represents: a single
character, the replacement value must be ane character lang.

» Bn ldeptifier musk represent an =lesmentary item of DISELAY
rsage. It may o any class, Howevar, if ie iz other than
alphabetic, the software performs an implicit redefinition of

the 1tem, (This regefipnition i= identical ko khe
GEFCRESAFTER Jdelimiter redefipition discussed im Sectlen
1.%9.1.)
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The words ALL, LEADTWC, and PIRSYT supply conditions which further
delimit the inspectian oseration:

L] The word ALL epecifies that e=sach match thak the search
acgumenk finds in the delimited string i= to be repleced by
the replacement value. When a literal f£ollows the wacd  ALL,
1t does not have bhe same meanlng as bhe figucative conatant,
ALL literal, ([The [lguraktive canstant mcanlng of ALL *," ie
#a strlng of consecubtive commas, a¥ many as the context of the
statement requiees.) ALL "," as a scaceh atgument oE the
REFPLACING phrase mears, "replace each comma without regard to
adjacont charackees.”

* The ward LEADTHG specifies bhat only adjacent matches aof  the
seatcn  acgumenk at the left-hand end ol the delimited
character striog Do replaced, At the first fallure to match
tne EBearchk ergumsnt, the sofcware Eerminates the replacement
aoetaetiaon and canses the argument ta become inactive.

L] The word FIBRST specifies that oely the leftmozkt character
strino that matches the eearch argument iz to be roplaged,
After the replacement operation, the  asarch  argument
containing this condition becames inactive.

3.9.6.2 The Replacement ¥plue - Whenever Ehe sSeptch argument finds a
match im the field being inspected, the matched charackets arce
replaced by Lhe r=placement valuse, The woE@E WY fellowed by an
identifier or literal apecifies the replacoemont dalie,

Lldenklfler

liceral

Pilgure 3-67
Formakt of the Replacement Valuoe

The replacement value muest always be the zame size as  ite aesociated
soarch argument.

1f the replacement. value 15-a Tlkcral <characker skring, 1t most  be

elthoe  a nog-ouwnmecic litecal or o figurative constant {other than ALL
literal). & figurative conabtant repregenlts a3 many characters as  the
lanetn that the search argument regquires.

If the replacement value iz an idenbkifiertr, 1k must be an elementary
item of DISPLAY uSage. 1t may be any class. Eowever, 1f it 15 other
than aliphanumeric, the software conduct:s an ipplicit redefipition of
the 1tem, {(Tnia redetlnitlas Ls  the =zame a8 the BEFORESAFTER
redafinition dilscussed in Section 3.9.1.)

HOH-NUMERIC CHARACTER HAHDLIMG  3-57



3.9.6.3 Tha Replacamatit Argument - The replacement argument consists
cf +the search arcument (wlth iks condltion and character string), the
replacement value, and an optional BEPORS/AFTHEE phrase.

ALL ":" BY SPACE EEFJOHE "."

gearch BEFORE /AETER
argqument hrease (opticmall

renlacément
valua

Figqure 3-@gd
The Replacement LArgument

3.%.49.,4 The Replacement Atgument List - One  INSPECT...REPLACING
Etatement cam contaln mare  than ane ceplacement argueent. Several
replacement arguments form an argqument list, and the manner in  which
the list is processed sffecks the action OF any given replacement
Argument.

The Eallowing oxamples show INSPECT statements with replacement
argqument liste, The text [ollewing each ane kells hew that lisc will
be processed.

IREPELT FIELD]1 REPLACING
ALL "," BY SPACE

RLL "." BY 5PACE

! ALL ";" BY S5PACE.

Figure 1-69
Raplacement Argument List that ia
Active Over the Entlee Field

Theee bthtee replacement arguments all have the same replacement walue,
EPACE, and are active opver the enktire fiald being inapeckad.

Thus, thie statement teplaces all commas, periods, and semicolons wikh
epace charactersy and leaves all other charactors unchanged.

INSPFECT FIELOL REFLACING
ALL "O" BY "1
ALL "1" BY "*o".

Figure 3-70
Heplacement Argument List that
Cnes for fTeroesa and Zeroes for Ones

TLWEDE

Each 9F these two replacement argurments has ikts owe replzacement walue,
and 1z actlve Oover the entire field being inspected. This statement
exchangea zeras for ones and oncs {of Ycroes, and leaves all ather
characters unchanged.
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HoTE

When & fcarch acgument finda & makch  In
the field being inspected, the sofbwars
replaces kEhat cvharacter akring and =cens
t2 Ehe next position bevond the replaced
characters. It ignores the remalniog
arguments and applies the first argument
in the list to the characker sktriecug in
the (o =1% pasition, Taus, 1t never
inspecte the new value that was supplied
by the eeplacement operation. Becaunse
of thia, the seacch arguments may  have
the same  walues a3s  Lhe replacsment
arguments wlth he chance of
interlarange,

IH5EuCYT FIELD] REFLACING
ALL ™Q" BY "1% BEFORE FPACKH
ALL ™1" B¥ =0™ BEFOQRF BPACE.

Figure 31-71
Replacement Argumenk List that
Becomes Inastive wlkh thne
Decubrenss ol & Space Character

This sample staterent iz identical io the s=iatement ip Figuce 3-Tl;,
except that, here, the flrst occurtenge ol a space character in PLELDL
causcs both arguments ta become lnaclkive,

INEFECT FIBLD1 REFLACTIHG
ALL "DO" BY "1™ BEFCGRE SFRCE
ALL "1L" BY ™0™ BETOQRE ZPACE
CTARAMITERE BY "#" ZEFORE SPACE.

Figure 1-T73
Argument Liskt with Throo Argumenks
That Recoms Inackive with the
Ooourrence 2f a Spare

Just a3 in the argument list in Figure 3-71, tke first swace charackor
caueese all of these replacement arguments to becomc inactlvye. Tnie
argument list exchanges =eroes for onesz, 49pcs oy  2Zetces, and
asterisks for all other charactecsz that are In the delimited acea.

I1f the REFORE phrase is removed fraom the third aegument, that argument
will remain active across all of FIETLAL, wWithin the area delimited by
the flrsk space character, the third argqument ceplaces a1l characters
except ones and zeroes with astorisks. Geyond this area, LE cowlaces
all characters (iocluding the space that delimited FIELDL for Lhe
first two arguments and any Zeroes and onesl with astocolshks.
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3.9.6.5 Interference in Replacement Argument Liste = When Beveral
search argumnents that ace active at the same time contain ane ar mere
identical <characters, they may intecferse with each other, atd
cansequently have an effect om the replacement operatian. This
Intecference of one search argument with the matching of ather s=earch
argJuments is similar ko the interference that occoccure bhetweesn tally
Arguments.

Tne action af & =earch argqument Iz never affected by the BEFGREFAETER
delimiters of other arguments, since the software scans for delimiter
matches befare it scans far ceplacement operationa.

The action of 3 s=arch argueent is never affected by bhe charackers of
any reoplacement walue, &ince the scanner doee not inspect the replaced
Chatacters asgalin during execubion of Ehe INSFECT gratement,
Ihterference between eearch arquments, therefore, depends on the order
of thke arguments, the walues of the arguments, and the active-inactiwve
Etatusg al the arguments. (The discussion in Section 3.9.5.4
[nterference 1n Tally Argument Lists, applies;, geoerally, to
replacement arguments as well.)

The Following rules will help minimize interference in replacement
argumenk liata;

1. Plage search acrguments with LEADING or PFIR3T ceonditiconzs at
the =tark of the 1lak:

2. Place several arguments with the CAARARCTERS condition at  the
end wf the liet;

1. {Conslder, wery carefully, the order of pppeatrange af any

saarch arguments chat contain one ar more ldentical
characters.

3.9.7 Common Errocre, IKSPELT Stetement
The most commapn crcors made when writing IMSPECT statemenkEe are:
L Leaving the FOR out af an INSPECT,.,.TALLYING stakement.

. Using the word "WITH" instead af "BY"™ in the REPLACING
Phirase.

] Fziling to initialize the +elly counter,
] Cmitting Lhe ward "ALL™ e.qg.:

TMSPECT FIELD1 TALLYIMG TLY EQR SPACHES.
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CEAPTER 4

KIOMERIC CHARACTER HAMDLIMG

This cnapter discusses numeric class gaka and  the COBEQOL DpEFutiﬁns
Ehat gan be performed on numefic dakba ilkeme. 1t iE assumed tnat ¥ou
have read Chapker 3, and that wou wpderstand the concept of C0HOL data

alasaes.

1,1 TUSAGES

The U2Aa3E nf a nameric class item specifies the form in which the data
is stared 1In memoey. vax-11l COBOL-T74 has four faormats for numeric
Jdata storages ODLEPELY  (which i#  equilvalaent Lo OISPLLY -G and

DTRPLAY¥-T7), COMPUTATIOELL (abbreviated COMP], and COMPUTATIONAL-Z
[abbreviated COME-3).

4.1,1 DISPLAY

Items with DISPFLAY vsage are stored as steimgs ol charactere (bytesh
in decimal radis with an aseumed decimal point and optional slan,

4.1.2 COMPOTATTIONAL

COMPUTATIORAL usage is the standard WAX-11 bhinary formac. & COMP iktem
1z stared ae a binary walue with an assumcd declmal sceling pooition
it 12 aptomatically SYNCHROMISED on o word boundary and stered  in
memory [(in one, twd, or Four wardz) ee followe:

PLOTORE RAMGE BTORAGE
S5(%FF T S04} 1 ward (2 bytes)
59(5) to 5%49) 1 largward {4 bytes)

SO01L0] tm SO(L1H) 1 guadward 9 bytes)



Filgure 4-1 indicates the significence of epach byte in a COMP data item
by Ethe number in pacentheses. Far exacple, "(1)" Ilndicates that the
bvte conkaine the lowest=valued bits. ohaeyye that the computer
address TLthe first-referenced byte] of each COROL data item
corresponde ko the low byte af the leaer algnificenk ward,

The number in parenthesee aleo indicates the order of characters iF
the data 1ltem Lls redefined as an alphanumeric item. Consider an
efample of & two—word COMT item:

01 COWP-ITEM PIC 9(%) USAGE IS5 COMP.
01 GROOP-ITEM REDEFINES COME-ITEM.
03 CHARACTER-ITEM PIC X QCCURE 4 TTHTRS,

The subseeipts of CHRELCTER-ITEM correspond +o the numbers in
parentheses iln Pigqure 4-1.

high | low high | low high | low
byte | byte byte | byte byte | byte
{2} {1} [2% (11 [2) (1} Bidditessed word
[4] {3] [4} [3) Mext word
[&} (5} Mext word
i} (7 Mext word
Qe —wo i Two—word Four—waord
COMBE item COME item COMP item

Flaure 4-1
Maemoary Staraqe of COME Data ILtems

d4,1,3 COMPOTRTIONAL-3

COMP~-3 sperifiea packed=decimal data iteme. They are etored as  two
decimal dlgits pec byte [byte-aligped) with an assumed decimal =caling
pusitien. The sige is contained io the rightmost half [(four bits] of
the rilghtmest byto.

The maximum eize of a COMP-3 item i=2 18 decimal digles,; regerdless al
the decimal scaling pesition. In cthe following example, both HUM=1
apd HUM-2 cepresent COMP-3 itewms of maximam size:

i HUH;I FIC 59(1d) 0OS5&3E IS COME-3.
03 nHN0M=2 FIC S%[(0)WHF{1l2) TU3SAGE IS COMP-3.

The descrlption of a COME-3 data item must have & sigm in its PLITCEE
character—-atring.
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When you specify an ewven nomber of digits, the walue zera iz atored o
Ehe leftmost four bite af the leftmost byte.

Signs resulting fram operatiens In which the recelving item 1s
epecified as COMP-3 are:

A binacy 1100 mexaderimal C
H_w binary 1101 hexadecinal F

The following =igns are also recognized a= velld, pukt they are not
generated ag a cesult of program operatisns:

Positive slgns- blpary 1010, hexadecimal
Binavy 1100, hexadecimal
hinary 1110, hexadecimal
oinary 1111, hexadecimal

LA LT

Hegative Signs- Binary 1011, hexadoecimal
bimary 1101, hexadecimel

oo

Figure 4-2 represents the memory starage of COMP-3 data items of one .
two, and three digita:

lst byte .lat bybe nd hyke 1et byte 2nd bytke
3 + I 3 T_l - 2 & 2 +
PTLTURE 59 PICTURE 3%4{2) EICTURE S59(3%
Value: +5 walue: -32 valus: +262
Flaure 4-3%

Memery Storoge of COME~2 Data Tkems

4.2 DECIMAL ECALING POSITION

The assumed decimal acaling positlon, or scaling factor, iz nok storod
as part of an actopal numerls value. However, it i= used by the BTS to
cuntrol operatiame on numseric data items. Consider the followling
ficld descroiption:

01 CRDER-PRTCE PIC 93V99 COMP WALUE 12.34.

VaxX-11 COBOL-74 =tores thie item a3 a l-word bipary number. The word
contains  the Iakeger vglue 1234 and snother loacation contalns the
scaling factor. In this examcle, the scaling factor recocrds khee fack
that this integer Has two decvimal fracticmal pesitions. Thus, the
COBOL RTE knows that the atored binary integer ia 100 timee larger
than the programmer intends it to be.
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TE the compiler emcauntors the fallowing staterent:
ALD 1 TC GRDER-PRICT,

it generates imstrockions €9 add & 1 to the 1234 in ORDER-FRICE. The
RTE, hawower, sScales the literal ! vp by twa decimal places and adds
the resultant litetal, 100, te the number [n QRDER=-PRICE. Thus, after
the ALD operation, OMDER-#RICE conkains the new walue 1334 [which is
artually 13.34 with bhe stored decimal Scaling position].

Thus, the YAK-11 COROQT.-74 compiler and RTS manipnlate the data 1n
CISPLAY, COMP, and COMP-3 data items in much the Zame way. All four
usages have oxactly the same accuracy and precision, and can be freely
mixed in =& progracm. Te illeatrate, if a DISPLAY uaage number and a
COMP neage number are bath involwed in Ehe same arithmetic  statement,
the BRTS converts them to & commen radix with mo loss of information.
TIL alao conwerts +the vesule, if npecesaary, with 0o logs of
gignificance.

The only affect of epecifying a binary or packed-decimal usage 15 that
it reduces  the =Space reguired for mest numbers and ¢an speed up the
erkacydticon of arichmetizc statemebntk=.

4,3 8180 COMVENTICNS

COMP-1 data items copsk be aigned; howevet, DISPLAY AND COMEF numeric
iteme can be signed ar unsigned. Unslyned buombera can conkaln valuea
that range from zern $o the largest pusitive value allowed hy their
derclared preciziorn. Hegative wvalues are not allowed, All VAX-11
COROL-T4d arithmetic cperationa yield eigned  resulte. When the RTS
cust stare suck a result, whethee opasikive or negakive; In en unsigned
data lkem, it stores only the ab=olute wvalue ©of the result, Thuz,
unsigned items always contain zeco or pesltlve walues.

Thit guide deocs neb recommend onsluned aumbera for jenecal use. They
are usuaily a souree ol programring erfror®, @nd are handled lesa
rificiently than signed guantlitle=s by the ETS.

Signed guantities always contaln & numeric walue and &1 operational
siqn- The PTE stores the sigqn wlth the numeric value Lln & wariety of
ways Jdepending on the usage af Lhe item and the presence of the SIGN
olawsn,

HOTE

If numeric data is read into a fleld
degcrloed uging the pickture ¢haracter 5,
tken that data must include an
apecakliaonsl gign <f the eppropriate
format to pass kEhe NUMERIC test.
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VA&X-11 COBOL~74 always states signed COMP btems In twe's complement
inary Eocm. Thus, the high~order kit indicetesz the =zign of tho Ltem,
2lgn tepresenkation for COMP-3 data iteme ie described in Sectlon
1.1.4.

VhE=1L COBDL-74 alwevs stares Signed DISPLRY items as a segquence  f
byte positionz <ontalning numerlc ASCTI chatacters. It may lnolude
the eign in the high-arder byte, the low-crder bytea, or 52 B Scpatake,
extra, byte on either the high-arder or low-ardet end af the ltem,

Wheo the BTS stores the sign as part of a byte that alsa cancains &
numeyrle digit, the sigo cauwses 3 value change in thak byte and, hence,
changes the valoe of bhe numercic digit. Table 4-1 shows the ackual
ARCTT ¢hatactar that results when a comeric walue and 3 sign share the
same byke,

Teble 4-1
The Besulting ASCII Character From a
Gign and Digit Bharing the Same Byte

DI1GIT VALOE
il 1 2 i 4 5 b 7 g g
+ 1 E H [ L E F G H L
HIGH
- 4 J 4 L M M v I Q R
A byte containing a +0 stares a2 heradecimal 7B, which printz  as

@ither a { or a | depending on the printing device.

h hyte containing a -0 etores as hexadecimsl 70, which prints as
eithoce a } ar & | depending on the printing device.

When the RTHE stoaced the 5i4n as a  Separate distinect character, the
actual ASCTT  <haracker that Lt stores is the graphic ploz sige (hex
2B) or the graphic minus sign [hex 0] .

4.4 ILLEGAL VALUEES IN WUMERIC FIELDS

AT waX-L]1 COBOL-74 arithmetic operationa skore legal walues in their
teenit  fleclds, Howewver, it is posgible, by reading 1nvelid daka ar
tnrough redefinikian and group moeyes, to S2tore data Ln numeric fiselds
that dou not cbey the deseriptions of Lhaas Flalds.  (For esample, it
is possible to place =igned wvalues intoe unslgned flelds, and ta  place
nun-numecic or improperly signed data inko signed numerlc DISPLRY
fields.)

The results of arithmetic opergkions that use invalid data in  numeric
fielde are unpredictable.
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4.5 TESTING NUMERIC FIELDS

COBOL provides the Fallowing kkres kipde of teats for evaluaking
numeric fields:

1. Relation teets, that compare the £ield's ¢ontenka to  another
numeric value;

Z. 8lgn toats, that examine the field's sign to sec 1F 1B ie
positive or negative; aood,

1. Class tests, that Inspect the field's digit wpesicions  for
legal numerie walues.

The following suab-seckiong oxslein bthese tests in Jetail.

#.5.1 HRelation Tests

B relaticn test comparcs btwo numeric guantities and determines LE  the
specified relation betwsen them i= true. Por exanple, the following
gtpterant compares FLELDL te FIELDZ and dekeewings if the numeric
value af FIELDL i= gceater than the numeric value of FIELDZ. 1L1f so,
the relation copdltian 1z true and program conkrol takes the Tree path
of the atatement.

iz PIELDYE » FIELDZ ...

Either field in a relation test maey bBe a pomeric litecal ot the
figurative constant, ZERZ. (The nureric literals O, 00, 0.0, or HEROD
are all egquivalenkt, hath in meaning and in execution Spead.)

The sizes of the fields in & sumeric relation tezt 6o net have o be
Ehe sare  {this incluodes the =iges of oumeric literals). The
comparison oporation aligne beth £ields wn  theic #ssured decimal
pr2itions (through ackual scaling epecationg in kemporary locatiane or
by acceseing the individual digits) end evppliez leading or  trailing
{as reguired} zerdes Eo cither aor balh fields.

The comparisocn cperation alwavs vomparcs the signs of non-zero fields
and considers positive Fields to  he grsater than neqative ficlds.
Howewar, Slhnoe it dacs not compare them, positive zoracs and negative
Zeroes  are  agual, (A negative zero could acclve in a field thooogh
redefinition of the field or a MOVER Lo & groop ditem.} Furtber, the
operation considers unsigned numeric fields to Lo posikiva.

The farm of repreeentation of the oumber (COKP, COMF-3, or LDISPLAY
n=age) and the wariows methnods ol skoring DLSPLAY uosage S5lans have no
effeck 9o numeric tolablon teste.

For comparieon purpoaes, the specablan canverts any illegal characlkers

stored in DISETAY uapge fielde to zeroes. 1t dose not, however, altor
the actwal waluee in those fielss.
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d.5.2 B8Bign Tests

The =ign test compareE a Numeric guantity to zero and detercines if it
ia greater (positiwve), lese [(negative]l, or egual [(zercs). Both the
relation test and the =ign test can perform this Ffunction. Eor
exanple, consider the fallowing relation test:

IF FIELD1l > O ...
Haow congider the Followlng 2ign Eest:

IF FTELDL POSITIVE ...
Eath af these teslbs accomplish Lhe same thing and would always arrive
At the Bame regult. The 3ign test, however, ehortens the statement

and shows, at a glance, that it is testing the Hign.

Table 4=2 shows the Bign teats and their equivalent relatlon bests  as
applied tow FPIELOL.

Table 4-2
The Sign Tests
ZIGH TEST EQUIVALENT IELATION TEST

IF FIELD] FOSITIVE ... 1F FIELDL > 00 ...

IF FIELO]l HOT POSITIVE ... IF FIELDL MOT > O ..
IF PIELDE NEGATIVE ... IF FIELDL < 0O ...

IF FIBLDY 40T NEBGERTIVE ... IF FIELDl WMOT € 0 ...

IF FIELODL 7ERO ... IF FIELDL = 10 ...

IF PLELDI HN0OT BEERG ... It FIELDL MOT = 0 ...

Sign tests have oo execution speed advantage aver relation tests, The
compiler actually substitutes the eguivalent celation test [oF avery
correctly wrltbten sign test. [Secotions 4.%.] and 4.2.% dizcuss the
acceptable eign walues and bthe treatment of illeagal =igr valuea.)

$.5.3 fL{laze Teskes

The class test inkerrogates a oumeric field to determioe LE L1t
contalns numeric or alphaketic data, and wses the resulk to alter the
flaw of conterol in a3 program. For exasple, the fallowinog statement
determines if FIBLP] conkains numeric data. If so, the best canditian
is true and prugram control takes the toue path wi the Statement.

IF FIELDL L[5 HUMERIC ...

when reading in newly prepared data, it 15 often deslranls ta  check
certain fielde £or walid walues. Helatien tests and slan teasts can
only determine if the field's conotents ace within a <ertaln renge, 2nd
theae teats both treat illegal charactecz in DISPLAY wsage items aa
geroes, Thus, same data preoparatlon creors could gass both of  these
tests.
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The NUMERIC clase beost chicoks cumeric [(9rf alphanumeric) DISFLAY usage
fielde for walid numeric digits.

If the field being tested containe a2 8ign {whether carried ae  an
overzsunch at as 3 peparsle characker), the test checks 1t for a walid
gign value. IE the character pasikion cartylng khe =ign cantalns  an
1l1levzl =igmn walwoe, tne HUMERIC <class test rejects the lter and
progeram eontknl bekes Lhe false path af  the TR statomenk. T the
character position conkains a valld sign and all diglt pesitions in
the field contain valid numeric digite, the HUMERIC cla=s tesat paases
Eha item and program conkrol takes the toue path 9fF the IF statemcnt.

The ALFHAAGRTIC ¢lags tesb choeeks alphabetic (o alphaoumeric) Eiclds
fvr walid alphabetic charactere and the space character., If all of
the characker pagiclans of the field contain ASCIT characters (A-Z  or
gpacel , tne ltem passes Lhe ALPHRBERIC ¢lass tesk and causen proigram
conteel bEe take the true path of the I1IF statement. tFor  farther
infermatlon  concecning  the ALPHABETIC class test, saee Chapter 3,
Secticon 3.3.2.)

4.5 THE HOVE ETATEMENT
The MOVE atatemsenl moves vhe contaenka af ane flaeld inks anobheor., Tha
fzllowing =ample MOVWE statement maves the contencts of FIELD] into
FIELLZ.
MOVE FIELDL T2 FIELLDZ.

Saction 3.5 difscusses the basic MOVE statemect. This section
conalders HMOVS  statements  as applied to numcrle fields. These MOVES
Statoments can e grouped Lnta the following throee categories:

1. Group maves,

€. Elemeptary moves with numecic ceceiving f£ields, and

3. Elementary mowes with numeric edited receiving fields.

The tollowlng three sub-scocions (4.4.1, 4.4.Z, amd 4.4.3) dlscuss
2ach ¢f these categories separately.

4.6.1 Groap Moves

the saftware conziders a move Lo be a geroup move if 2ither the sending
field <r  the ceceiving field iz o gcoup item. It tecats both flelds
in a greup move &3 alphapumeric class [lelds and perlorme the move as
an alphanumeric L& alphavumeric elemenkary move.

If eitner field in a graup move 15 4 numeric elementacy item, the RTS
breats the sStocayec arca  oocupled by thak  item a3 a [ield af
aiphanumaeric bykes; thus, 1t lgnaves the USAGE, aign, and decdmal
point logakion characterlistlics aof the pumeelc lbem.
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only the item's allaocabted size, in bytes, &ffects the move opocrakion.
The BTS copsiders a separate eign charactet to be part of the ltem and
moves it with the oumerig digit pozitions.

d.8.1% Elementary Humeric Movea

If both £ielde of a MOVE stakement sre  elementary itema and  the
teceiving field is npumerls, the RCS considers the mawve te be oan
slemensary oumeric mave. (The sending Field may be either numerie or
alphanumeric.y The numeric receiving ficld may be DISELAY, COMF, oI
COMP-1 usage. The elementary numeric mowve converts the data format of
the manding field te the data Tormat of the receiving field.

an alphanumerle sending field may be eikher an elementary data ltem o
any alphanumeric 1literal other than the figorative constanks SPACE,
QUOTE, LOW-VALUE, HIGW-VALLCE, or ALL "litersl". The elementary
numeric wove aceepls the figurative constant AERD and considere it tao
ke wzulvalent to  the numeriz literal 0. It troaks alphanumeric
geending Fields sa unsigned iotegers of DISPLAY usage.

I1f necessacy, the numecic meve operation converks the sending field Lo
tne data format of the receiving Field and aligns the sending fleld's
decimal polnt on thart of the receiving fleld. 1t then moves the
setding Eield digikts to thelr corresponding receiving field digits.

If the sending ficld hes more digit positions kthan the recelving
field, +the decimal peirt aligoment wperation truncates the sepnding
field, witk «he rosultant loss of digits. The end kruncated
{high-order or low-order) depends  uwpon the number of sending £leld
diglt positiane that find makches on each =side of  the recelvying
field's dGecimal point. I[f the receiving field has fewer diglt
pogiticne on both =ides of the decimal puint; tho operatian  truntatee
auth  ends af  the =ending field. Thus, iFf 2 field described as PIC
9357398 is moved bEo a Field described a=z PIC 99V49, it loees one dlelt
ltam the lafr end and one from the tlght end. rigure 4-3 illustrates
this aligmment operatlon (the carat (7 ] indicates the atored decimal
apaling positicon):

0L apoONTL PIC S3WhE,

MOVE 123.321 10O AMOUKTI.

Befure executldon a0 0n

Lfter execuation 21 312

Flgure 4=3
Truncation Caused BY Decimal Paint Alignoent
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If the gending [leld has fewsr digit positioms than the receiving
Eieid, the move operatlon supplies zeroes for all unfilled digit
positions. Figure 4-4 1llustrates this alignment  (the carat (=)
indlzates the Stored decimal scaling poeitbion):

01 TOTAL-RAMT PIC 44949743,

Move 1 70 1OTAL-AMT.

Befure execukion aon ap

After execgbkion nal oo

Figure 4-4
Zerd Filling Caused By Decimal Point alignment
The following ekatement pradoce= the samec cesults:
MOWVE DUl.00 Ta TOTAL-AMT.

Conslder the following two MOYVE statements and thelr raggltant
truncating and gero-filling cEtcots:

STATEMENT TOTAL-AKT AFTER EAECOTLOMN
AOVE Q010G IO TorAL-smy 105 oo
MOVE "DGLAD" TO TOTAL-AMT 100 G0

Licerale with leadlng or tralllng zeroes have no asigpificant advantage
in Epace o execution spesd with WAX-11 COROL-74, agd the zeraes are
aoften loet by decimal point aligonment,

The MOVE atatement's cecelving field dictates how the =sign will be
moee e A =slgned DISPLAY usage receiving field cauasa the siqn €2 be
moved g2 & secparato guantity. An onsigned DISPLAY usage teceiving
field cauges no =ign movemankE, A COMP uzage rocciving £ield, whether
igned or unsigmned., cauges Lhe =ign to Lo Eoved: however, if the
teceiving field is wunsigned, the RIS eeta itz walue ko abaalgkae, A
COMP-3 recelving [leld always causes the sign to be mowved.

4.6.3 BPBlemencary hWumeric Edited Movea

The ¥WAX=1l COROQL-F4 run-fime system considers an  elementary numeric
mave to a4 cecelving  fleld of the numecic edited category to be an
elementery numetilc =dited move, The sending Cield of  an clemebntacy
numeric edited move may e elither numeric ocr alphanumeric and, if
thumertic, its nsage can be DISPLREY, COMP, or COMP-3, The RTS Ereats
alphanumeric sending fields in numeric edited mowes aa uneigned
DISPLAY usage integers.
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The RTS cansiders the receiving Ficld to be nomearic edited cacegory if
it is described wilth a BLANWE WNEMN ZERD clauee, or & combinztion of the
focllowing aymbols:

B Space insertion posltlang

B Declmal scallng poaltion;

v Lecatlon of assumed degimal poick:

4 Leading pumeric chacactet poeitiom to be replaced by o Sgace

if the poeition conktalns a2 zZerar

i Eetra lpaerkion poeition;
g Pasitinn contains a nuomeric charactar:
A Slash insertion position;

. Commea ln=artlon positiong
- Decimal poaink lnssrtiaon pasiktions

* Leading numeric character position ¢ b replaced by an
asterisk if the position cankains a zers;

+ Pagikblve editing sigqn conttol =ymbol:

- Wegakive editing sign ¢onkerol symbol;

TH Cradit edlitheg sign control symbal:

DH Deblt edikblpg =2lgn cancrol symool;

oE Curcency Symbal {%) imsertion position.
A numeric ediked field may contain %, ¥, and I, bukt combinations of
those symbols wlthout an editing character de not make the field
numeric edited.
The numeric edited mowve cpecatlan First converts the gendipg field to
DISFLAY usage and aligns both Flelds on their decimal peint locations,
truncating or padding (with =zeroes] the Sonding field until it
containg the s8same number of digit positions or both sides wi the
decimal polnt as the recelving field. It then moves the rTesulking
digit wvalucs to  the receiving f£ield digit poRition= following the
COBOL editing rules,

The COBOL editing rules allow the numeric odiked move operation ko
petrform any af the followipn editing functiorss

» Suppress leading zeroes with either spaces or astoriskar
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# Flaat a curtengy sigr and a plus ar minue =ign  threugh
sugsptessad zerees, inserting the =ign at either end oF the
field:

®# Insert zeroes and sSpaces;

# Insert commas and a decimal peink.

Figqutse 4-5 illustrates several of these functions wikh the atatemenk,

MOVE FLD=B T3 TOTATL-AMT. idgayme  that FLD-B is described as
209499540
TOTAL-AMT
FLDO-E PICTUEE STRLEG COMTENTS AFTRER MOVE
| ——
0g23 an RERE. LY 23.00
ODQES 90 Fr+¥. 99 -a5,49%
1234 an Z,ERE.9Y 1,234.00C
DLZ 34 G.585.99 512,34
pgog 34 4,559,599 50. 34
1234 a0 55,5855, 00 51,234 .00
nGls 44 540,000,00 0,012.34
goLE ad 4595, 5585, 40 212,324
pogug an 588, 585,55
0d12 im NI A1 -12.39
gdlz 34 Gx%x *2¥ OO GEEEaN] D 34
Figuce 4-5

Wuameric Editing

The curcency symbol (%) and the editing sigm camtral symbkols (+ =) are
the only floating symbols. To float chem, snter & skelng of twa or
muare occurrences of the symbal.

1.6.4 Comoon Ereors, Humeric MOVE S3tatements
The most comron ereoes made when writing nuomeric MOVE statements ares

# PFPlarcing an incorvect number of replacemankt characters 1In &
numeric edited item.

# Movipg non-numeric dsta into numeric fielda with geaup moves,

# Tryieng %o Flosk the & ar 4+ Ingertion <chacacters past  the
decimal point ta force zero values ko appear as 00 in=tead of
sPactes. (Use 55,99 oo ++.99.)

¢ Targekting that the 8 or + inzertion characters reguire an
additional parition onm  the Lektmest eod  that  cannot be
roplaced by a digit (unlike the * ipsertion characterc which
can be completely replaced] .
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4.7 THE ARITHMETI{ STATEMENTS

The COEOL arithmetic sStatements, ADD, SUBTRACT, MULTIFLY, LDIVIDE, and
COMPOTE  allow COBOL peogcams to peotform simple arithmetic operaticne
an numaric data.

This section covers the wae af the COBROL arithmetis statemonts. The
first Five sub-sections (4.,7.1 throughk 4.7.5) discoss the common
features of the stategonke and the leset five (4.7.% Etheoogh 4.7.100
Aigruss che indiwidual arithmetic statemonks themeelwens.

4.7.1 Intermediate Eesults

Must Forms of the arlthmetle statements perform  their opecationa In
temporacy  work locatlons, then move the results to the recelving
fields, alluring the declmal polinte and troncating or gero £1111ing the
resulkant values,

This temporary work field, called the intermediate regult field, has a
hax imuam &ige al 18 numeric digits. The ackual =lze of Cthe
intermediate resuelt field waries for each stakement, and is determined
at compile time based on the sizes af the operands ueed by the
Ebatement.

¥When the compiler determines ktkat theo size of the intermediate result
field exceeds 18 digits, it cruncates thoe excess high-order digits.
ThuE, a program that cequests & multiplication operation between the
following two Zields,

PIC 2[18; znd TIC WI%.

[which would otherwise cause the compiler to set up &  il-digike
intermediate result Field —-- B(LEFVIY) actually ceuses che following
intercediate reeult field

FIC 9{LlA)wES,

VAX-11 COBOL-74 truncates high-order diglte or low-order digits to the
cight o©f the decimal peick, based on the assumption that most large
data declaretlians are lerger than ewvaer peed be, so Zzeroes oooupy mMoEtk
of their high=order digit positions. Humeric data mey be declatsed as
PIC S({12) ar PIC %{15) but the walues that ace placed Ln these fFlelde
will prabably not exceed nilne digice of rapge (1 2illien] 1In most
applicalions.

when using lacge numbers (of oumbaers Wwith many decimal places: that

are close to 16 diglts long, examing all of the arithmetic operations
that manipulate those numkers to determine 1f truncaticon will occur.
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If truncatien iz a pogsiklllity, ceduce the size of the number by
dividing it by a powsr of 10 prior ko the arithmetlc operation.  (This
acaling down cperaklon causes the low-order end to  lose digits, buc
these are ptobakly less criticel.] Then, a&afktser the arithmecic
gperation, multiply the reeult by the eame power af 10,

To save the low-order digits in such an operatiop, move the field to a
temporary location before +the =scallng DIVIDE; perform  sepacako,
identical arithmetic operatlons oo both the original and the temporary
fielde, then, after the acaling MOLTIPLY, <ombine thelr resulbs.

4.7.2 The ROUHDED Phrase

RFounding-cff is an important toel with most arithmetic operaticns.
The EROUNDED phrase cauveee the RTE o roubd-off the resolks of COBJL
arithmetic aperabions,

The phrase may bo used oo any COBOL arithmetic  etatement.
Rounding-9ff takes place only when the ROUNDED phrase regucsts 1t, and
then anly 1f the lnkecmediate result has more lawe-order digitz  thano
the resnlt field.

V-1l COBOL-74 rounds—off by adding a 5 to the leftmast  Lruncaked
digit af +the absolute walue of Ethe intermediate result before it
stares that resulk.

consldetr the Eallowing illustration and assume an intermediake tesult
of 54321, 2460:

Coding:

{1 FLD-& FIC S9([5)W3595,
0l FLD-B PIC S4[L1Va9,

. a

RN FLO-A TO FLD-B RCGONDED.

InkreEmediate result field:

PIC BO(R)VHEIT,

The BOUNLED apaeraticn:

runcated

digiks
Intermediate result field: (543%1. 24 EE_ML

EFT-MO5T
EQHDED: [ADD) SO0 1588 truncakad
FLDL-B'= ROUNDED result: 0h&321.25 |1& digit

Figure 4=
Rounding Truncated Decimal Paint Poelbiang
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The following ROUNDING example rounds-off to the deocimal  scaling
positien (P). Assume an lnkteroedlate resvult of 2466808, [Section 4.7.4
discusses the GIVING phrase in numeric operations.)

Coding:

W1 AMOUNT] BIC 939%.
01 AMOUNTZ PIC 9934pD,

AdaTIPLY AHDTHTL GY 10

GIVING AMOUNTZ SCONORT,

Intermediate regult fisld:

PIil 3999949,

The EOUNMDET aperation:

TEuncabad

Intermediate tesult £lold: 0246 | RO, digits
ROCHMDELD [&0D) = RO,

AMOOWNTE ' 5 EOUMDED resulkb:  0z47 | 30,

Bigure 4=7
Peunding Truncated Decimal Scaling Pasitions

d4.7.1 The 2IZE EREJR Fhrase

The S5LiE ERROR phras¢ drotects the loss of high-order non-zero digits
in the resplts of COBOL arithoetic operakcians,

The phrase May be nsed on any CORDL arltnmetic statement.

When the eMecublon of a3 statement with no SIZE ERROR phrase resclts in
a size errar, the BTS truncates the high-ocrder digits and stores the
result without notifying the user. When ths axgcution 9F a statement
with a SIZE EREDR phrase resulks in o size error, the BTSE discards the
entire result (it does not alter the receiving fialda in any way) and
¢xecutes the SIZE-RRROER imprrative phrase.

If the staktement containg both ROOKLED and 3T2ZE FARDR phrases, the RTS
rounds the resulk befare it check® far a size errar.
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The phrase cannot e vueed an numeric MOVE =tatements. Thus, Lf a
prodgecam  #oves: a oumeric guantity to a smaller numetls fleld, 16 may
Inadveortently lose high-order digits. For example, congider Ehe
followlng MOVE ol a [leld bto & snaller f£ield;

01 AMOUNT-A PIC 9(8)VED,

01 AMOTHT-EB PTC S(4)V59.

MOVE AMOUNT=-A TO AMOLMNT-E.

Thiz MOYE operation always loses fouar of AMOUWT-A's high-otder digita.
Either of the following two statements could determine wihebher theae
digits are zerc or non-zecd, Aand could he tailored to any size field:

1. 1Ir BMOUNT=-A HOT > 3993,34
HCVE AMCONT-A TO AMOOKT-H
RLEE ..

2. APQD ZERG TO AMOUNT-A& GIVIKG BDMOUNT-B
oM GITE ERROE ...

BEath of these alternmatives allow the MOVE svperatlon o occur only if
AMOTINT-n lases ng significant digits. If the walue in AMOUNT-& is too
Large, hoth alternaklvyes avoid altering AMOUMT=-8 and tctake the
alternakive execekion path.

4.7.d4d The GIVING FPhrasa

The GIVING phrase movesz the intermedlate eezuplkt fleld of an srithmetic
operation  t9 a receiving [leld. (The phrgae acke exactly lixe a3 MOVE
statoment with the latecmedieks result serving ag a gending field and
the data item following the word GIVING (in the statement) sSetving ae
A teceivioy fleld.)

The phtrage may he vceed ar the ADD, SUBTRACT, HKULTIPLY, and DIVIDE
statements.

If the data ltem Tfolloawing Ehe word GIVING is a numeric edited fileld,
bhe ATS perfarms bhe oditing the seme way it dogs for MOVE statemants.

4.7.5 Multiple Operands in ADD and SUBTRACT Statemente

Bakbh the ADD and SUBTBACT ctakemenks mey cantain a string of moce than
one aperand proceding the word TO, FROM, of GIVING.

Multiple operands in either of these statemonkts ceuse the RS to add
the wmtring @l aperands together and nse the intermediate result of
Ehat cperatlon as a single aperand to be added to or subtracted fram,
tha recelving Field,
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The following threg eguivalent <coding 9eoups illustrate how  the
gaftware eiecutes the multiple operand ababcementss

l. Statement: AID AT DN TOEVF G H.

Equivalent cading: A0 & B, GIVING TEME.
ADD TREMP, C, GIVING TEMP,
AOD TEMP, N, GIVING TEP.
NN TEMP, B, GIVIMG E.
ADD TEMP, F SIVING F.
LET TEMI, < GIVIKG G.
AOD TEMI, H GIVIHG H.

2, Btakoment: SUBTEACT &, B, C, FROM I.
Equivalent coding: LOD A, B, CIVIKG TEMP.

AOL TEME,  GIVING TEME.
SOBTRACT TEKE FROM O GIVLING D.

L
"

Ekukement : Aol & B & D GIVING E.

Egulvalant coding: ADD £ B G1WINII TEMP.
&DO TEME < SIVLING TEMF.
&LOO TEMEF D GLWLIEG E.

[Juat a= wikh all COROL statements, any commas in khese statements are
ppticmal.)

Only statement 3 may have a numerl: odited receiving field, =ince it
15 khe only staotement containing a GIWING ohrasge,

£.7.68 The ADD Stakement

The AID statement adds two or more operands togethar and  akorocs the
resnik.

The statemect may contain multiple aperands  (wilkh  Ehe ecxception of
Format 30  and tho BOUKDED and SIYE EREOE phraeee. 1L may be wrikbkten
i one ol Lthe following Eormats:

Format 1. ADD FIELDL ...TQ FIELLEZ FIRTAS ... .
Formakb 2. LD PIELOL FIELRZ ...G1%1A0G FIELD3I FILELDYE ... .
Formakt 3. ADD DORRLSPONDING FIELDL T FILELB2.

In Parmatc 1, thke pedcidying Filelds (PIELDZ, PIELD?) are one of the

gddends,.  These must not De in the numeric edited category.
In Format 2, the cegeiving fields {F1ELD3, FIELCD4) are not ane af Ethe

addends, They may €ither be numeric ar nomeric edited, When yaing
thie format, omit the word TO.
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In Foemat 3, che receiving Eield (FIELD2Y im one of the addende. Both
FIELD]1 and FIELDZ muet be group itema. The corresponding elemente af
FIELDL ar¢ added to the corresponding elements of FIELDZ.

4.7.7 The SUBTRACT Statement

The SUBTRACT statement gubtracts one, o the gum of two or more,
aopetands from ancther cocrand and stoces the resalt,

The ekakement mayvy coabtaln multlple aperands (with  Lthe excsption of
Format 3J) and the ROUNOED snd 5I2E EREOR phrases. It may e woltten
ip ane of the following farmats:

Format 1. STRTRACT FIELB1 .. FROM FIELDZ FIELDI ... .

Format 2. SUsTRrACT FIELD1 ... FROM PLELOZ
GEVIWNG FIELTDY FIELH4 ... .

Format 1. SUBTRACT COREESPONDING FLELD]1 FROM FIELDZ.
In Format 1, +the receldvinyg Cicids  (FIRLDZ, FTRTNA] are both the
subkrabond and the difference (the result). These must nok ke in Lhe
numeric edleed category.

In Format 2, the receivinmg fields [(FIELDA, FIELD4d] are wused only to
Etore the rezult. They may be either numeric or numeric sdited.

In Format 3, che receiving field (FIELD2Y i both the suktrshend and

the difference {(results]). Both FIBLDL and FIELDZ musk ne Jrodp lbema,
The cartespondling elements of FIELD2,

4.7.8 The MULTIFLY Biatement

The MULTIPLY statement multiplies one operand by another and skdces
the resulk.

The skatement may contslnm the POOWDEDR end STEZE RERROR phrasesa, It may
contain multiple receiving operanda. It may be written in either of
the following formats:

Farmat 1. MULTIELY FIELD1 BY FlELDZ, EIELL3

Format 2, MULTIFLY FIELD BY FIELD)Z CGIWIMG FIELDY, FIELTE ...
In Formak 1, the rfecelivieg flelds (FIELDZ, PIELDY) are alse  bhe
multipliers, These must not ke In the numeric edited category.
In Formak 3, &he receivieng fields (FIELD3, FTELN4} are neither

multiplier mnor multiplicand. Theee may be either numeric or nuomeric
edited.
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CORQL's "near Engllsh™ format could cauee & sroblem with the MOLTIPLY
Btatement, since [t Is common to epeak of multiplying a number

{multiplicand) by ancther number (multiplierd and +t2 chink of the
regule ae a ney value For the multiplicand; thu=:

MOLTIPLY EARMINGS BY 0.24.

Multiplier
Multiplicand

Thia etaktement 15 incorrect eince the BTS stores the result in the
multiplier field, and this multiplier is a 1iteral. The vompiler
could diagnose this errvog, but would nokt diagnose it if the multlplier
were & Jdata ftem. Consider thia maltiplier weitteo as a data item:

NOLTIPLY EARNINGS 3Y TAR-RATE.

The compiler would not diagnoze thls statement's error, and woold
etore the result of the aoperatlion in TAX-RATE. A good practlico when
using MUOLTLIPLY =tatements ia to alwayvs write them io Format 2, Thia

2pnsutkes  thakt the rfesult i= prapecly stared, The fallowing two
stateaments =afely capture thale results:

MULTIPLY ERARNINGE BY 0.2Z4 GIVING EARNINGS.
oI

MOLTIFLY EARNING3 BY TAN-BATE GIVING ELRNINGS.

1.7.% The DIVIDE Statament

The DIVIDE statement divides one operand into ancther and stares  the
result.

The statement may contaln the RIUNDED and 3IZE ERROR phrases. With
the exception of Fotmats 4 and G, it may not contain multizle

teceiving operande. Ib may he writtem in any of the followiog
formats:

Format 1. DIVIODE FITLD]l IKTD FIELDZ FIELD3 ... .

Format 2. OIVIOE FIELD] INTO FIEBLD? G(GIVWIMG FIELDS TTELDE ...

Toemat 1. DIVIDE FIELDZ BY TIRLD] GIVIHG FIELD: FIELDS ... .

Format 4. OIVLIOE FIELD]l INTO FIRLDE GIVING FIELDS REMAIMDEE
FIELD4.

Format 5. DIVIDE FIBLD1 BY PIELDZ GIVING FIELD3 REMAINDER
FITELD4.

In Format 1, the recelving flelds (FIELDZ, FIELD3) are also the
dividends. These must not be in the pumeric edited category.
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In Formats 2 end 3, the receiving Cielda [(FIELD3, FIELD4 ... | are
neither dividends nor divisor. These may be either numeric or numeric
edited.

In Formats 4 and 5, the receiving field (FIELD3) is neithet & dividend
nor @ divisor. PIELDY ie the remainder. The receiving field and the
temainder mav e rither numeric or numeric edited.

4.7.10 The COMPOTE Statemant

The COMPOTE statemant computes kthe walue of an  arithmetic expresslon
and Storea the value im the result,

The statement may contain the ROUNDED snd SIEE ERROR phrases, [t may
contain multiple receiving operands. The CORPUTE statement has the
follawing Formatbe

COMPUTE FIELD] FIBLNZ ... = arithmetic-expraseion.

The receiving ficlds (FTELDl, F1ELDZ) say be either numeric of nomeric
sdited.

4.7.11 cCommonr Ecraors, Arithmetie Statemente

The: mpst comron errors made when using arithmetic statements are:

- Using an alphanumeric class [ield in an arithmeble statement.
The  MOVE statement allows dests movement bebtween alphanumeric
class ftilelde end certain numeric clase fields, buy arithmetic
gshatementa reguire thuat a1l fielde be numeric.

- Writing the ADD or BUBTRACT stakement® without the GIVING
phnrase, but aktempting te put  the result into a pomeric
edited Tield.

# Writing a format 2 ADD  statement wikh the word TO; Far
example:

ADD & TO B GIVIHG C.

» Subikrecting a 1 from a nuneric coonter that was deacribed as
ar unsigned gquantity, and testing for a walue of 228 than
Zero.

L] Furgekting that rhe MOLTIPLY statement, wilthout the GIVING

parase, stores the reeult bkack  ipto  the secaond operand
[cultiplier).
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* Perfveming a2 aericee of caleulaticons in such a way as to
generate an intermedlats ceswlt that ls latuer than 1B digits
wnen the final result will be fewer digits. (The crragrammer
should be caraful to intersyecsa divigions with
maltiplications ar to drop nen-=ignilicant diglts that result
fram multiplying large numbera {or numbers with many decimal
placea) .

] Poceforming an operation aon a  fleld that rconktains a  wvalue
grezbel Chao the precision of its data deacripklian. This can
happer only if the Flield was disarranged by a group move ot
redefinicion.

] Fargetbing that, in an arithmetic atatment contalning
multiple receiving fields, the ROUNDED phrase muest be
specliied for each receiwvwing field ekhet 18 to be rounded.

L] Forgetting that, in am arithmelic statcement cuntaiming
moleiple repeiving fields, the OB SIZE RRRDR phrase, 1f
epecified, apwlics to all receiving fields. only  thase
receiving operands Far which a size error condition is ralged
acc lefk vnaltered. The OW SIZE ERBOR statement is  executed
after all the receiving fields are processod by the RTS.

4.8 ARITHMETIC EXPRESSION EPROGCESSING

COBOL provides langquaoe Facilities for manipularing u=er-defined data
arikhmetloally. In particulac, the languade pravides the aricthmekbio
ELtatements ADD, SURTRACT, MULTIPLY, and DIVIDE and Yhs Ercilities of
arithmetis expressicons osing the +, -, ¥, /, and ** pperators. 1In
Bimple Lerms, & giver arithmetic fupctiomality may he expressed in one
af several waye. For example, consider a CCEBCL application im which
rhe totel yearly sales of a palesman are ta be gomputed as the sum  of
the four individual salee guatters. Pigure 4-B illustrates omne method
of expreszing a selutien to thia problem in COROL:

MCOWE 0 '] TEME.

pbO 13T-SALES T TEMP,

AL ZHNO=S2ALES TO TEMP.

ADD JIRD-5MLES T TEMP.

ADL 4TH-SALES TO TEMP GIVIKG TOTAL-SALES.

Figure 4-3 Bxplicit Programmer-Defined Temparary Wock Area

Th figura 4-B, the COROT. programmer chooses to uee a series of single
ApD  erakements to  develop the Einel value For TOTAL-S3ALES. In the
provess of computing TOTAL-SALES, a COBOL data-name, falled TEMP, 15
used te develop the pactial sums {i.e., inktermedizbe resulks). The
important point here is that the progracmer explicitly defines  and
declares the temporary work arca TENP in the data division af the
COBOL program. That is, the attributes [l.&., class, USAGE, noumber of
lnteger and decimal places to be meaintalned) ace specified explicitly
by the CCROL proagramier.
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Figure 4-9 belew illustrates antckher way of expressing & solation o
the problem:

DO 1ST=SALES, ZND-SRIRR, 3ED-5ALES, 4TH-SALES
GIVING TOTHL-SALEE.

FICTRE 4-9
ARITHMETIC STATEMENT INTERMELIATE RESULT FIELD ATTRISLTES
OETERMINED FEOM COMPOSITE GF OPFERANDS

IN TNIS EXsMPLE, THE PROGRAMMER CHCOSES TO COMPULE TOTAL-GALES with &
single  ADD statement, Analogous ta  the previows oxample, an
intermediate reanle field is regulred to develep the partisl  sums  of
the four guarterly Sales guantities. In Figure 4-8, the programmer L5
cognizent af this ceguirement, but chose bo define the Intermediate
reault area TEWP explicitly in the data divisien of bis COBOL prodgam.
[owever, for the example in Flaure 4-5, the oompiler defince the
intermediate re=ult field im & mamnner transpaccnt to the COBOL source
progcam. That is, the comgpiler allocates 3atarage far and assigns
varlowss artributes to  this *trensparent” intermediszbe result £icld
according to a well-defined set of rulss defined by the DOBOL languado
gpecification. In patticular, the attributes of
number-of-integer~places, number~of-decimal-places, and USAGE aseigned
by the software to the intcrmediate result field ate & funcrian of khe
compesike of aource operands in the ADD statement.  [The reader should
fead the WAN-11 COBOL=74 Reference Manual for detalls cencerning the
compoeite of opcrands for the arithmetic statements.) The dmportant
point here i3 that the ANS-T74 [OEOL languayo ctandard prescrlibes rules
far debermining the attribotes of inteemediate result flelds for the
aritnmetic =tatement=z, and the language processce, the VaX-J1 COBOL-T74
compiler, must implement those culee.

bz a fimal example, censider the following Salution to oor problem:

COMPUTE TOTAL-SALES = 15T-BALRSG + 2NO-SALES + JRD-GSRLES
+ ATH-GALES,

Tigure 4-10
hrithmetic EBExpression L[otecmediate Result Pield
Brtributes Determined by Tmplementor-Definod Rolea

In Pigure d4=10, the progcamzer eclves the problem by using & =2ingle
COMPITE atatement with an embedded arithmetis cxpteseion. Agaln, an
intermediate result field is required and, ea in FPigure 4-9, ig
dofined by  the software. Howevet, im deficipg kke attribotas of
iptermediate result fields EFor COBCL  avithmetic expressicne,  the
ANS=74 C0RRI language standard is not ag helpfual to the weer as it
could he. In fact, the TUBCL language =kendzrd mives almost  cumplete
fresdom tn the implementer in deflping  the attributes of the
arithmetlc expression Intermediate result fields. The only rulea
ingosed by the ANS-T74 COBOL language epecificatrions are:
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1. Ahrithmetic eperations ate to be combined without restrictions
on the compasite of cperands apnd/for receiving fields.

2. Each implementor will indicate technigues used I handling
arithmetic expregsions.

Thus, the user can and should expect differences between wvarious
implementatlions of AWNS-T74 CGROL, The rest of this sectien descrelbes
how the VARX-11 COBOL-74 comgpiler computes the =izes of intermediate
rezult Eields.

The. compiler compotes the size of an  intermediate reswlc fiela for
each compenent operatlon of an arithmetic expression. Bach oJpecation
can be stated as:
Pl QPR OF2

where:

orl iz the first opecand

JOFR iz an arithmetlc operator

AOp# 13 the second operand
The gize of an intermediate result is described ln terms af Ehe number
af integer places ([IP) and the number of devimal places (DPy. Thae

eymbol DPEXP repreeente the maximum number of decimal places in the
entire arikhmetic espression.

OPR
+ and = IP = max [LP{OP1l), IP(OPZ}) + 1
BF = max (DPP{QP1), OF(F2;)
t TP = IF{OFl) + LP{OFZ]
oF = DF[DF1) + DP[OFZ)
) IF = IF(OFL] + DP(OPZ}
DF = max (DPEXP, max [DP{OP1) . DF (QF2] + 1]
*k For cxponents bthat convert to one-—word valuaS,
a = Qgri
b = aprl + DP(OFRL)

Dtherwise

a =59, if IF[OFZ) = Ll;:
aorherwige, a = 149
b = DPEXP

Brd

IF = I[F[OFL] * a
DF = max [DPEXE, DE(OPLY * b)
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CHAPTER 13

TLBLE HEMDLING

E.1l INTRODUCTION

With CCBOL, as with any other Jlenguage. any data  item &0 which Ehe

pragram refers  must he uniguely identified. This un Lgue
identification of data items 1s usually accemplished by assigning a
unigue pame Lo each  item. Howewver, Ln many spoplications this is

tedious and inconvenient: often programs reguire too many wamez  for
items that have different mnames bot <optaln the 8ame type of
InFarmakcian. Tablea provide a simple s=solutlar te this problem.
vax-11 CoBoL=T74 includes full table haodling capabilities as outlined
faor akanderd COBOL in the 1974 ANEI Sterndards.

£ table is a repetition of ane item [element} io weOocy. This
repetition 15 accompliehed by the use of the OCCURS <lawse in the data
dezeription antey. The literal value i the DOCCYRE clawvee causea  the
caftware  ta  duplicate the data description entry as many times as
indicated by that walue, thus ceeating a matrix or table.

The clements may be initialized with the VRLUOE g¢lause or with a

procedural instruction. They meay contain Eynchronized or
uneynchronized data. They may be accessed only with subacripeed
pracedural instructions. h  subscript is a parecktheslized integer or

dats name (with an integer wvalue). The Integer value represents khe
Aeslired gocurrence of the element.

Thie chapter diecusses how to et up bables and access them accurately
acd efficiently. It attempts to cower any problems that may be
ancounteced whlle handliog table=. Read it through carefully belobe
seebkting op kebles with vex=-11 COBOL-T4.

5.2 DEFIMNING TABLES

Ta define a table with ¥AX-1l COBOL=74, simply complete a standard
data description Efar one element of the table and follew it with an
OCOURS clauge, The OUCUES clause contains an inkeger which dictates
the npumber of times that element will be trepeated in memory, thus
creating a table.



The OCCURS phrase has twoe formats:

Format 1
DCCURS integer=~2 TIMEE

[ %AECEHDIHG

DESCENDING
[ INDEXED &% index-name-1 [, Lndcx-nage— 2] ...]

} FEY IS5 data=name-2 [, deta-pame-3] ..+] PR

Formakt 2
QCCURS intcger-1 T0 integer-Z TIMES DEPENDING ON data-name=1

LECENDIEG
KE¥ IS5 data-name-2 [, data=name=3] ... ]

DESCENDING

[ INDEXED BY iodex-name—-1 [, index—-name—-2] ...}

In either format, the system gensrates a boffar large enoudgh ko
accomanodate integer-2 gocurtences af the data description. Therefare,
the amount of sturage allocated in elther cass is equal to the amount
of storage reguired to repeat bhe data entry loteger-2 times.

The software will autocmatically map the elements into memary. Whean
mappling & table into memory, the asoftware follows the rules for
mapping which Jepend on whether the element containg synchronized
ltems or not. If they do nek eontain synchronized items, the software
raps them inta sdjecoent memecy lacations and the size of the table can
e easily calculated by mulbigtying the size of the element times the
nurber of ooccurrences (5X10 for the table {1lustrated in Figuee 5-1,
ar S0 bytes of memory).

11 A-TAELE
N3 A-CROOP PIC X{5%] OCCURS 10 TIMES,

Figure &5-1
Defining a Table

%.2.1 The OCCURE Phrage - Pormat 1

When Format 1 is waed, a Sixed length table is generated, whose length
(numbier of occurrencee) ie egual to the value specified by lnteger-2Z.
Tnls format is naeful for storing large ameunts of frequently used
teference data whose size never changes, Tax tables, used Ln payrall
deducticn progtams, are ano excellent example of where a Foemat 1
[fEixed length) tabkle might be used.
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E.2.2 The QCCURS Phrase = Format 2

Format 2 is used to generate variable length Eakbles. Whan  usaed, &
Eable whose length (numbet of o<cureences) is egual to the vwalae
gpecified by data-name-1 is genccakted.

MOTE

Data-name-1 must &lways he & positive
integer whoee walue le egual 0 o
greater thap integer-]1 butk not greaktec
than integer-2Z.

Onlike format 1 tablee, Lhe number of occutrences ©fF data leems  in
format Z tables can be dynamically expanded ar reduced ta seklsfy uszar
neads.

By ganerating a wvariable length table, the user {5, ln efFfock, saving:
*build me a2 table that can contain ek least lnkeger—1 occurrences, bokt
ne mare than integer-2 occurrencee, and aet iks numbar of oCCATCeAGeD
equal to the wvglue spocified by daka-name-1".

Data=-name=1 always reflecta the numbor af docurrences available for
user access. 10 expand the size [(number of accurrences avallable For
nee] of a tcable, the v=er need aniy ingrease the value ©f daota-name-1
accotdingly.

Likewige, reduging the value in data-name-1 will reduce the number aof
gecurrences avalileble for ueser access.

5.3 MAFFING TABLE ELEMENTES

bLs mentioned in Seckion 5.2, when the solbware detoeckts an OCCURS
clavae Ln an unsynchronized item, it maps the table elementa into
gdjacent Iocatisns im memory. Consider the following data descripkian
of a simple table and the way 1E 13 mapped ioto memscy:

Takle Description: 01 A-TABLE.
03 A-GROUER FLC X{5) OCCORS 10 TIMES.

Hemary Map:

words |I IT | 1cx| Iw f v QWL {wIl | wIII |IX | X | .
bytee FTTTT T T TITHT 1] IRHN BT
[1 ! | iy _‘_,_.._—._.\,_.__l'
L=GEOUF A=GRODP A=GZROHNFP A-=FRODEP Ve

Flgure 5-2

¥aprping a Table inta Memocoy
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The data descriptlon in Figure E-2 caumes the scftware toa Sek  uo  tan
items of FCiye byktes each  {elements} and place them in adjacent
ascendinyg memory locatioma for a tokal of 90 character positiens, thus
creating a table. Bince the length of each A-GROUP elemenk ia odd
{51, the memory addresees of each subscguent clement will alternabe
betwaen od4d and even lacations,

The SYNCHRONTIZED wlause causes the saftware to add a f£ill hyte to
itema thar contain an odd number of bytes, thereby making the number
of bytes In that item even. Thiz enaures that each subzequant
occourrence of the element willl not altecnate between odd and even
addresses, but will map the same [odd or even] as the flest repetition
of Ehat elemank, I¥ +the dakta description of A-GROUP contained a
SYHCHRONIZED clausa, the sofbware would map it aulke dilffFarently, It
A=GROCP were sypnchronized, it would expand its length to three wards.
The item will, by default, b2 Svnchronired to the left oceupving the
Eiret five characters of the three worda. The software zuppliss a
padding character to £ill out che ehivd word. Thils padding  character
iz nmobk & patt of the A-GROUP element and kakle instructkicne refert ipg
to A-TABLE will mot dekect the presence ar aheence of the character.

The paddlng character does, however, affect the overall length of the
geoup  item and, hence, the bable. Without the SYWCHRONLZED clause,
A-TAPLE regulred only 50 characker poeiticmer now, wikth +the <lause,
it requirea £0 characker positions. (This length incledes the lezt:
pedding cherackter —-- fallowing the tenth element in the eablea.)

Although the SYNCHROWIZED clause has litkle value when wvsed with
alphanumeri¢ flelds, an understanding of the concept iz eseenkial
before attempting ko uge DOMP and IWDEX data ltems in  tables. The
saftware automatically synchronlzes all COMP  and IMDEX usage data
items, and will most praobably aleer the size of any table (often
deastically]l that contains these data cypes, Congider the following
i1llustration of a synchronized dats ltem being mapped by the ecftware:

Table DescripLiong 0] A-THELE.
03 L-GRQOr GCCORS 2D 1viMesd.
0% ITEM] PIC X. 1--ITEML
O0F ITEMZ? PFIC 599% COME., A——TITEM2
Se=mILACK
BYTE
Memotry Map:
wirds I 1 Il ITIT Iw L0 1.: VII VIII - .
bytes HHEHOREEBE 2T [efe [ --.-
_— . - -
A-~GRCOP 4 -GROOP L-GROTP L-BREOUP .

Figure 5=3
gynchronized COMP ILtem in g Tahle
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Since the zoftwace &ynchronizes the ITEMZ fields (COMP}, these fields
egch  occcupy & single word ln memory; thus, a slack byte follews each
oLourrcence of ITEM1. Each repetition of L-CRODP consumes four bytes
of  menccy —— anae byse Far TTEM1, ope byte Eor ke slack byte, and kEwa
bytes for ITEMZ. A-TABLE, then, regulres 80 bytes of memory {20
elemankts of four bytes cach).

How, congider the effert of adding a l-byte field to A-TRRLE. If we
place the fiszld between ITEM]1 and 1TEMZ, it will take the space
formerly occupied by the slack byte. This has the effect of addling a
data oyte Dbut leaving the size of the table unchanged. cCanalder the
following 1llusbraticn:

Teble Deacription: 0l &=-TABLE.

031 &A-GROUOEF QUCORS 20 TIMES.
05 ITEM1 PTC X.
05 ITEM3 FIC K.
05 ITEMZ PIC 53499 CcOmp.

1-—-ITEM]
MemoEy Mapt 2-—-ITEMZ
3——ITEM3

words I 1L LIL | IV 1) VI ..
bytes l|3 2|2 l|3 2|2 l|3 2|

A-GROTE A—GﬁGUP M—GROQOE

Figure f-4
Adding a Field wlthaut Alterlog the Table Size

If, however, we place the l-bvte field after ITEMZ, it has the effect
of addling Ltz own leggth plus anothee slack bybte. How, ¢ach clement
reguires six full bytes and the complete table consumes 120 bytes of
hemary [(8X20) 1 This iz due to the fact that the Fitst repetlition of
ITEM]1 falla on @n even byte and, in order Eo keep the mapping of each
A-GROUP element the same, the software allocates each sugressive
repetiticn of ITEM]1 ko &n even byte addrees. Thus, it assigne  ITERZ
to the even byte of the third word and adds a slack bykte to gquarantes
that the next element begins on an even byte. Consider the Eallowibg
11lustration:

Talxla Description: 01 A-TABLE.

03 A-GROUP QCIORS 20 TIMES,
03 ITEML PIC X.
03 ITEMZ FPIC 59939 COMF.
0% ITEMX PIC X.

Memory Map:

Q0d of Evenh E O EGCEQEQEOCGBOROREDRED ..

words rr|r1ifiv | v [ VI JVIIWIII] I&] ...

bytes [ iESLpE 2| 2| sERf1ERA= |2 ]
R—GRODD A=GROUE

Figure 5-3
2dding One Byte which A&dds Two Evtes to the Element Length
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NOTE

The illusteakions in this sccblen  show
each hyee with an even address [E)] as
Lhe leftmost byte, and each byte with an
add  address (O] ae the rightmest byte.
{The two bytes, 9dd and cvong are
ceversad ln setual memary.)

1f, howewver, we uge a FILLEK bykte to foroe the first allocation of
ITEM] o occur op an odd byte, A=GROUP again reguires only four bytes
and pa elack bytee. Figure 3—§& illusztrates thls. Since the FILLER
item oeoupies the even byte of Ehw flrst word, ITEML falla on an odd
byte, The eoftware reguiree that each repetition of ITEMI must be an
even puamber of bytea in lengkh i order to guarantee that the
syncheanlzed lbem(s) will map eonta word boundaries. hMo slack bytes
ace needed and LA-GEOUP elements ate agaln anly four byees long, and
A-TRBLE reguires gply 31 bytes,

Tahle Descrlption: Gl A-TRHLE.

01 PILLER FIC X.

031 a=-GROUP QOCCURS 20 TIMKES.
05 ITEM1 PTC ¥,
05 ITEMZ PIC 5%93% COME.
5 ITEMI PIC X.

Memary Map:

odd or even E 3 E QO E Q3 EFO EOD EO ED . s
words T [ 1r |11t [I% T | V1 [ WEI] ...
bytas FIL| 2[=2 ]| 331 | 212 | SRL1 2]2 E! ' s

-

7 :

FILI.ER h—GEDUP EHGEGUE &-EHDUP

Tigure 5-=B6
Far<cing an Odd Address By Adding a l-Eyte FILLER
Item to the H=ad of the Table

If we £ry to force ITEM] onta am odd byte wikth a SYHCHROMIZED RIGHT
clause, tne software maps ITEML lato the odd byte, but pronibite all
tepetitlans af the slement from veing the even byte. Thus, the first
tepetitiaon ofF A-GROUP has a slack bhyke a%t its beginning and, eo that
the next element can begin [(with a =larck byte}l at an aven addrass,
another slack byte {odd] following ITEM3. This expands the element
length to six Lkytes and the table length to 120 bEytes.
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Table Description: Jl A-TAHLE.
03 A-GROOF OCCURS 20 TIMES.
0% ITEML Pir % SYNOTROWISED EISHT.
05 ITEMZ PIC 5999 COMP.
0% TTEMI DIC X.

Memory Map:

dd or Even EQ EQ EN EQ EG FOJ EO EO E 0

words L IT v v VT vitolix | ...
bytes 11 2]2173 BEHEHEAE 212 [AE84 ...
Jd
h—GROUT A=GRINE A-GRoue

Flgure 5-7
The Eifect of a SYNCHROWIZIERD RICGHT Clause Inatead
of 8 FILLER I[tem as shawn in Figure 5-6

Io determine how the =oftware will map a given tanla, apaly  the
following two rules:

1. The software maps all iteme in the firet repetition of a
table elemént Intoe memory words as with any ikom properly
defined wlth a data deseription, obkeying any luoplicit or
explicit svpehropization regquirements.

2, Il the first repetition containe any elomoenbacy items with
imglicit or explicit synchreonization, the coftware maps each
successive repatition of the element inko memory words in the
fame way as the firak repetition. It dags this by adding one
slack byte, 1f necvessary, to make the size of the eloment
BVEr.

:3.1 Initiallzing Tablen

If a table containe aply DISPLAY items, 1t can be met ko any  desired
inttial walve [initialized). To {nltlalize a table, slmply specify a
WALUE phrase on the record level preceding the item corkzining the
QCCURS  clause, The eampls Jdata definitians, below, will =ek up
Initialized tables:
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Table Deacrlption: 0l L-TABLE WALUE IS5 "JAHFEBMARMEENLY
- JUNIULAUGSEROC THIWVOEC™ .
% MONTH=LGRIDPE PIC XiX USAGE DISPLAY
OCCORS 12 TIMES.

Hemnrx Map:

words I |TL [IIT]IV v OINT PVIT|WEII| T % [™T | XIT
byte contents{d|&| WP |B|& N2 R[a[F[RIB[&[x]T [U[R|JU[ [ u]e

S —
HOHTH=GRE0E MONTH=EROUF
MONTH=SRIUP MONTH=-EROOE

MONTH-GROOE MONTH-GRCOP
MONTH -SROCP MONTH=SROUP

Figure 5-H
Inlrializing Table=

pften a table is koo long %o Lnitlalize with & sipgle liceral, or Lt
cantalna iteme that cannet be inltialized {(numeric, elphaoumetiec, or
COME) .  These item? can be lndlvldoally initiaslized by redefining the
groupg level preceding  the level that containe the QCCURS clauSe.
Consider the following sample table descriptions:

Tahle Oescriptlon: 01 A2-RECORO-ALT.
0 FILLER DIC X¥ VALTUE "AX™,
N5 FILLER PIC 99 COMP VRLOE 1.
15 FI1LLER PIC XX VALIE "BX"™.
05 FTLLER EIC 99 COMP VLLUE 2.

0l A-RECORD REDEFINES NRECORD-ARLT.
03 A-GROOP QCCORS 286 TIMES,
5 ITEML PIC X.
OfF ITEMZ PIC 5949 COME,

MemoIy Map: Binary 1 Binary 2
words T |EI QILI|I¥W e
pyke conkents at &!x Il I O X ...
initializatlon time A=-GRCUOF A-GROUDP
Fiquyre L-%9

Inltializing Mixed Usage Fields

In the preceding example, the sSlack bytes in the alphanumeric Zields
[ITEM1] are beipo ipitiallzed ko X.
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Table Description: Gl h-RECOED=ALT.
01 FILLEE P1C X (30)] WYALUE LY
AR ARARARAARRRERENGRES DO DCCoCoC" .
03 FILLEE F1Q X(30)] waLUE IS5
"CODDDDDDDDEEECEEECEEFEFEFEFFFF" &

[etg.)

01 A-RECOKD REOEYIHNES A-RECCRD-ALT.
02 ITEM1 FIX X{10) OCCURS 26 TIMES.

MomoeEy Map:

woEd IT |I1xrf1v | v |wr |wiL|wILli|rx | o 1¥I .-
byte AR EEBREEE BEEEEEEENE
contepnks a2t
initialization
Cime - v
ITEM] L'TEM] -

(& ]

Figqure 5-=13
Irittigllzing mlphanumeric Fislds

T the sreoceding example, esach FILLER item ipitializes three lid-byte
table =2lements.

When redefining or initializing table elements, allow space for any
slack bhvees that may be added due to synchronizstlaon [implicit ac
explicit}. The zlack bykes do nor have Lo be  initialized; howewver,
they =av te and, if Iaitislized tuw an uncommdno value, they Jay even
satrve as & debugging aid far situations auch az a statement referrcing
to the rtecord lewel abaove khe 0OCCUGHS clauwze or  ancther recdrd
redaefining chat legvel. Socmetime= the length and format of cable items
are auch that they would beat ze initialized by statemnents 1m kEhe
FProcedure Oivizian.

Qnee Ehe OOCORS clauses have egtabliehed the necessary kables, the
pProQTam must ke ahle to access the elements of those tahles
individually. ©Subscripting and indexing are the twe methods provided
by COBOL for acressing individuvual element=,

.4 EBUASCRIPTIHC BAMD INDEMNING

To tefer b & partleular element within a  table, aimply follow  the
hame of the desired elemsent with a perentheszized subecript or index.
A sabacript is am intager nor a4 deta-name that has an  integer wvalue;
the integer value cepresents the desired occurrence of bhe ¢lemenk —-
ar integer valus af 3, for cdanple, telers ta the third accurrence of
the elerent. bn index is a datz-name that has been namad 1n an
INDEXED BY phtase in the QCCORS clause.
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5.4,]1 Subscripting with Literelse

L literal subscript 1s =simply a parenthceslized integer whose walue
represents the agocurrence number of the desired element. 1In figura
5=11, the literal subscrlpk in khe HOWE  inskructloan  (2) causes the
gaftware +ta mowe the conkents 9f the second element of the table,
h-TABLE, to I=RECOED.

g1 &-TABLE.
Table Reacripklaon 03 A-GEOUP PLC X3}
JOCCTURE 14 TIMES.
Procedural Insbewsbkion MOVE A-GROOFP(2)] TO E=RECOHDL.

Figure 5=11
Literal Subscriptling

1f the table has mare than ane level {or dimengion;, follew the name
of Ethe dealred item with a llst of subscripta, one for esch ODCDORS
slause ta which the item 12 subordirate. The firsk swhscript in  the
tist applies to the ficst ©OCCUR3S clanse to which Ehe item is
suonrdipate. (This is the most encompazsing level == A-GROOE in  the
fpllowing example.) The =econd suhscript inm the 1ist applies to the
nexk mest ecncompaseing level, and the laskt 2uhsecripe applies ko the
lowest level OCCURS clause belng acceaeed {or the desired ccocurrence
numoer of the lbtem mamed in the proecedoural insttuction == ITEMS in the
Eallowing example).

Comaider Flgure 5-12; the subseripks [2,11,3) in the HOVE instruckion
cause the saftwate +o mave the rthird repetition of ITEXS in the
elaventh repetltlon of ITEMI in the second cepetition af  A-GROUR ko
[-FIELDS. (For illustration simplicity, I-FIELDS is not defined.p
{ITEMS{1,1,1) would refer to the first oocorrence of ITEMS in the
tzble and LTEMG(5,20,4) would refer ko the last ocecurrence of ITEMS.)

0l A-TLRELE-
0 L-GROUR QCCTURS 5 TIMER,
s ITEM1 PIT X.
Tahla De=scriction 05 1TEMZ FLT 39 COMP QCCURE 20
TIMES.
03 ITEMI QCCUTRE 20 TIMES.
(7 ITEM4A FIC X.
07 ITEMSG PIC XX OCCGRS 4 TIMES.

Procedural Instructian MOVE ITEMS(2, 11, 3% TC I-FIELDS.

Figure 5-12
Subzcripting & Multi-Dimensional Takle
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HOTE

Since ITEMS iE not subordinate o ITEMZ,
an  occutrense pumber  for ITEMZ is not
petmltted in the subscript list,

Flgure 5-13 summarizes the subscripting rules for esach of +he abogvs
items and shows the aize of mach field in hytes.

HAME NOMBER QOF SUO3SCRIPTS SIZE

BREQUIRED TO RETFTER TO OF
FIELD TEF WNARHED FIELD FIELD
&-TAHLE HOME 1111
L —GROTE Ok 222
ITEM] ONE i*
ITEMZ TW0 2
ITEM3 T 5
ITEM4 ThO 1l
ITEMS THREE 2
* Pluzs a zlack bvte

Figure 5-13
Sebscripelng Rules for a
Multi-Dimen=ianal Table

5:4.2 Operations Performed by the Software

When & literal subacript i% used to refer ta an irem in & takle, the

suftware

pet forms  the followlng steps to detetmlne the exgct address

of the item:

1.

2.

The cempiler converks the literal ko a l-word binary value.

The compller range checks the subscript value (the walue must
not be less than 1 nor greater thao the nomber af ropetiticne
specified by the OCCURS claus=e}  and prints a dilaynestic
message if the velue is oot of range.

The compiler decrements the value of the sphseript by 1 and
multipliea ik by the size of +the item that centains the
DLCURE clause cortesponding to this subscript, thos  formloy
an  index valuer it then storea thig value, plus the likteral
subscript, In the object program.

At run time, for a fixed length table, the RTS adds the index
valoe {from 3 above) to a base address, thus dekbermining the
address of the desired item. ¥or a wvariable length table
reference, the procedure for fixed length tables is preceded
by the procedure described In Section S5.4.6.
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%.1.3% Subsecripting with Data-temes

b5 discussed earlier inm this sectlaon, subscripts may alse be specified
using data-names inskesd of literals. Tp u=2e a data-nampe a2 a
subscript, eimply define 1t 82 a pumeric inkteger [COMF or  DISPLAY!D.
It may be signed, put khe sign muat be pasikbive av the time it is used
ag a subscript.

The sample =ubscripcs in  flogure 5-14 reefer to the eame element
accezgeed in Plgure L-12, (2, 11, 3.

Data Desceiptlona Nl ER¥Y1l PIC 9% D3aGE OISPLAY.
af Syhacript data=rames 01 EEY? pPIC 93 USACE COMP,
01 EEY31 PIC K49,

MOVE 2 TO KEY1.
MOVE 11 T3 REY 2.
MOWE 3 TD KEY3.
Brocedural Instructlans S0ord TABLBRTM.
TARELERTH .,
MOVE ITEAG[(EEY1 EEYZ KRY3) TO
L-FIELDS.

Pigure 5-14
Subgcripting wikth Data-Hames

£.4.4 Operations Performed bY the RIS

When a dararname subscript ie wused to refer to an ltem in a table, the
RTS petforme the followlhg Steps &b run cime:

1. If the dats-neame's data type 18 DISELAY, the soltware
converta it to &4 l-wotd bimary walue.

2. For fixed length kwabklea, the software range checks Lhe
gubecript walue (the valoe must not be less than 1 nor
greater than the number of Teperirions =pecified by the
QOCURS  clause) and  kerminates the imade [(wWith a diagnostic
meszaged if it is out of range. For warlable Length tables,
the procedore desdcribed in Seckion 3.4.6 ie followed.

1. The poftware decrements the walue of kEhe subscript By 1 and
multiplies 1k By the size af the item that conkalns the
OCCUR3E clawae rorresponding to chis subscript, thus  forming
an index waluea.

4. The software adds the lndex walue (from 3 above) to a basc
gddreea, thus deteemibing ehe address of the desired item.
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5.4.5 Subscripting with Indexes

The same rules apply for the specification ©of indexes as apply Eo
subhseripts excewt Ethat the index muat be named in the THDEXED BY
phrase of the ODCURE clause.

An index=name item [an item named in the IRDEXED BY phrase of the
OCCTRS  wlause) has the ability to oeld an index wvalue, (The ladeg
value is the product formed in step 3 of the gperations performed by
the software for literal or data-pame spbscripte == the relakive
location, withln the table, of the defired item.)

The compiler sllocakes B 2=part data itedwm For each name Ethat follows
an THDEXRD BY phrase. These index—name items cannat be gocessed as
normal daka ltems; they cannot be nmoved about, redefined, writken +49
a file, ete. However, Ethe EET wverb <an chatge their valuoes and
relstion Eeg8ts oan examioe their waluoes. One parl af Ethae 2-patt
index-name ltem contains a subscripe value srd the other part contains
an index value. Conaider the [followlng illustration:

INDEX PART ~o—
SURECRIPT DART ———————f

Figure 5-15
Trndes-—Hame Item

Whetover a SBT statement zplaces a new value in the subscript patty, the
seftware performs an index value compukakblon apd staces the result ino
the index parkt. Only the subscrint part of the item acte az a sending
ar  receiving field, The index part is never altered by any other
apetrtion and 18 nevetr moved o ancother item. It i= used anly when
the incex—-name is used ae an index refercing to a table ftem. The
gample MOVE statemoent in Figure 5-16 would move the contents of the
thitd tepetltlon of A-GROOP to I-FIELD. ([For illustrakiaon zimplicity,
once again, I-FIELD i% npot defined.)

01 A-TABLE.
Table Descriptiaon 03 A-GROUP QCCURS > TIKES
THLEXELD HY IND-NhKE.
Procedural Instructions SET IHND-H&EE Ta 3.
HOWVE A-CROUP ([HND=-MAME] TO I-FIELO.

FPigure f-1&
Subscripting With Indes=name Items
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5.4.8 Operatlons Perfortied by the RTS

The KES performs the following sSteps when ik executes the SET
statemant ; :

1. The RES converts the contents of the sending £ield of the SET
statement ko & l-woard Dinacy value.

2. The RTE range checks the valae [(the value must net he lese
than 1 nor geeater than thke number of repetitions specified
in the OCCCURES eclause) and terminates the image with &
diagnestic mesaage if it is out of range.

A, The BT decremenks the valoe by 1 apd muleiplies it by the
size o©wf Ehe item that containsg the QOCCUORS <lausc, thus
Farming an 1ndex value,

For Fixed length bzblea, once Lhe SET statement has been executed and
the aoftware hasz encountered the index-pame item asz an ipdex, 1E onl¥y
has to add the index walue [fram 3 above]l ko a hase addesss ko
determine the addrcess of the desired item. Sdinece this 15 the anly
actlan performed, the execution spead of a procedural atatement with
an indexed data=name 15 eguivalent ta & reference with a literal
guh=cript.

For a wariable lenglh table, when the index-name 1= erncountersed as an
ipdex, the zragedure described in Seckion 5.4.% 18 invaked before
fowllowing tne fixed lerngth tzkle logic. Howewver, the SET statement
itself is not impacted by the fixed variable charzcteristic of the
associated tahle,

vEEK=11 COB0OL-7d initiglizes the value of all  index-name 1ikems ta  a
gubiscript walue of 1 (index value af 0], nence an aktempt to use an
index-name iter 22 sn index before ik he=s heen the receiving field of
a BET werb will not result in an out-cf-range termination.

JaTE

Initialization <f index-name items is an
extengicn +to  the ANEI COBOL standards.
Ueera concetned with weiting COBROL
programs. that adhere to standaord CORBOL
should not rely on this feature.

F.4.7 Relative Indexing

Te perform relative indexing, when referving to a takle item, =imply
follow khke inder-name with & plusa or minwes egign and an inkeger
literal. kelative indexing, alkeit sasy to use, causes additional
averhead to be generated each time & table item is referenced in this
fashion. At compile tcime, the compiler has te compute the index value
Ccobresponding to the specified literal; and transfer this index value
be bEne object. flle. Bt cun timse, the index walue for the literal is
el Eo [+) or subkracted from (—-) the index walwee of the indexz-name.
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The reeulting index walue iz stored in a temporary location. The ERTS
adds this temporary index walue ta the baee address af the table Lo
determine the addreae of the de=sired table ltem, At thiz soink, @
range check is performed on the tempocacy index wvalue to insuce that
the resulblng index 1% within the permissible range Eor the table.

For fizxed length tables, thiz index manipulation 15 relatively
straighkforwacd. The size of the table is kaown at compilation tlae,
and this size is passed aleng to the RTS in the object file. & simple
compate againgt thie fixed walue iz all that iz regquired to determine
if a gilven ilndex wvalue 15 within the pecmissazla range for the kbablae.

Far a wveriable length table, however, the progesa iz more involved,
The curfenkt number of vcourrences (data-name-1) for the takzle must be
determined and range checked; +the index waluse corcesponding t©o  the
cutrent aunber of occufrences must be caleuylated; then the tedpdcacy
index walue must be range checked ueing the currant pombee of
oCccutrence's Lodor valuo.

The run—-time owerhead reguired for the relatcive indewing of wariakle
length tebles i3 eignifigantly greator than that reguired for fixed
length takles. 1In eirher cese, the indew partian of ke index-name 13
not altered. If any of the range checks reveals an illegal (ouk of
range)] walue, execution 1is terminated with &n Bpropriste eryror
me3ddge.

The sample MOVE instructiae in Figure 5«17 mowves the Tourth repetition
of BK-GROUP to I-FTELD 1f IND-WAME has niot bBeen sltered with a SET
verkb.

MOVE A-GEOOP (IMD-HNAME + 1) TO I-FIEBLD.

Figure 5-17
Relative Indexing

The actusl aperation af acceseing & table element is sherter at  rcun
Elme since the compller has caleulated the Index value of Ehe Litcoral
6t complle tlmc and bas stoced Lt 1n thoe object program ready for use.
RBelative indexing, therefare, invoelves kwo addiclans and a ranges check
dat rum time. It leaves the inodex-name item unalktered.

5.4.E Index Data Itema

dfken B prodgram will reqguice that £he walue of an indeg-pame  1ikem  he
gtored oukside of that item. It is for this purpoese that VAX-11
CORBOL-7d prevides the index daka item,

Index dats ikemg ara 1 -wared ainary integers wlth implicit
synchronization. [The 1-word size corresponds to the subscript part
af the lpdex-name ltem.} They must ke declared with o UDS5ASE IS IHDEX
phrase and they may be aodifled  [(espliclitlyl only by the SET
Etatement.
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Subscript Park 4|-| t

Figunre L-14
Index Data Ltem

Zipce index data items are ropsidered to comiain only kthe sobscrlpt
patt af an indoy-name Ltem, when & 56T Statement "moves" an irdex-name
1tem to &an index data ltem, only the subserlpt part L moved,
Likewi=se, when a8 BSET atakement “moves™ an index dels item to an
index—name item, a new index value ie computed by che ecfitware. This
ip done ta guarsntes that anm index-name item will always cankain a
goeod index valua.

The only advanhtage gained &y using index data items over numercic, COMP
ltems 1= that the data descriptlen is shorkter, ecaslcr ko wrike, and
pore self-décumenting. Further, the reatrictiocnas placed on accees to
index items= may be uvuseful™in Aebugging the Dragram,

5.4,9 The SET SFakement

The SET atatement alters Lhe value o&f index-namse  ivteme and copies
thelr walue into other Ltems. When used without the UP BY/TOWH BY
clawee, it functions like a MOVE stetement. Figare G=1% illustrates
the legal data movements that the SET statomenk can serform,

THNOERX-NIHME ITEKX

NUMERIC LITERAL _ [INDEX PART) _ INDEX DATE ITEM
i }—a] (EGBECRIPT PART) ] ]

HUMERIC DATA HAME LONDEX~=NEME ['TEM
{COMP OR DIEPLAY [INOEA FART
| TSUBSCRIPT ERRET)

Eigure H=~1%9
Leggl Bata Movement with the SET Statement

The SET akakegment may bhe ysed with the OPF BY/DOHW BY clause to alkter
the value of an lndex-namec ikem arithmetically. The bumetio 1iteral
13 added Lo (TP BY) ar subtrackted [ram (LOWH BY) the zubscrizt part,
and the index part is recalculated by the software after the
appropriate range check againzst the nomker of reperitiona  for the
tabhlea. Tha SET statenent 2 not affecked by wheskar the Lable is
fized or variable length.
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5.4.10 ERefarencing & Variabla-Length Table Element at Bun Time

At run time, when a peocedural reference liavolvea an alement In 2
vaciapla lengkbh btable, the following procedure is used:

1. Detecrmine thne number of accurrences in the tabkle (the walue
contained in daks-name-1) . abd verify it=s legaliey.

iinteger-1 <= daka-name=1 <= integec=-2]
2. Verify that the subsecript ia within the legal rtange.
{suhscript <= data=name-1)

If any of the sbave checks fails, execution 1z terminated with an
appropriate error message.

5.4.11 EReferencing a Dynamic Sroup at Run Time

B dyramic group 1s delfined a3 a group item that contains a Subordinate
icem that is a wariable length takle. At rup time, when a dynamic
geoup is referenced, the following pracedures are Followed:

1. The number of occurrences of the subordinate waciable length

toable iz dAetermined, and checked for legality: 1.8..;
integer=l<=data=name~l<=integer-2. If thiz oheock fails,
erecution terminates and the approptlate oreor meseage ia
issued.

2. The eize of the dynamic greoup is calculated. The number  of
aocuretencegd of the wvariable length table (data-name-1] is
mulcipkied by the size of ane tahle entey. The resulting
comber iz then added to the fixed epize of the dynamic group.

WOTT

The Tixed size of a dynamic group is the
Slize af the grouws WE ko but  not
including the wariabkle length table.

5+4.12 The SEARCH Verb

Thie SEARCH werk has two Facmets: Tormak 1, which oDerform= a
aeguential aearch of rthe epecified table beginning with the current
index szetrkingt and Format 2 which performs a oSelectlve  (blnacy)
eeatch aof the epecified table, beginning with the middle of the teble,

Both formats allew the programmer to apecify imperative Statements
within the SERRCH verb. &t run time, an Ilmperatlive sStatement
contained within a search wverb iz esecuted only when apne af  the exit
paths (success or failuce) 15 baken.
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The failure palkh iz defined elther explicitly by Ehe AT END etatement,
in whlch <caee the imperative statement which followas it is execoted;
ot kv default, in which case control is passed to the nexkt procedural
EEntaencs, In reither case (zuoccess oy fTallured, after anm imperative
statement is executed, cantrol di= paesed to the npext procedural
Eerbence.

5:%4.13 The SEARRCH YVerbh - Format 1

Formak L dicects the RTS ko Sesarch kthe indlcated table sequentlally.
The OCCUCORS olagse [or Ehe table being eearched must contain che
IMDEXED =y rvhraee. Urless otherwise specified  in the SEARCH
statement, the first incdex 15 the controlling index for the table
gareh., The search begins with the current Index sSettiog, and
progresaee through tkhe table, zugmentipg the inder by ane se each
occcurrence iz intetrogated. IE any of the specified copditlons 1z
true [s5ucoess), the asgociated imperative statement is executed: Ehe
geatch exitery and the ioder remalns at the coteent Setklng.

If the poazible pumpee 9f  accurcences [ar the table i oxhaveked
before any of the specified condieions are met, the gpaercified failure
etk cakk 1z taken. That 15, elther the AT EWD oxit path (1L
gpacifiad) ig Lakenh, or cantrcecl iz paesed to the next procedural
EEnteEnce.

Tigyre 5-2¢ coactaine an example of using the SEARCH vetb to scacch &
table in a gerlallsy,

Associated with Format 1 is the optional VARYING phraee. This phrase
can be specified by using any of the fulleowing methods:

1. defzult - phrase omltbed
2. WARYING index=-nzme-n
1. WARYING f[dontlfler-Z

4, YVARYING index-name-2

NCTE

The follawing ig trus regardless of which of  Ethe
above methods is used.

#. A&An index pame associated with the table 1= methodically
augmented by one, by the RTS, for each cycle of the
serial search. This contrelling index, when compared to
the allewable number o©of oecurrcencee for the table,
dictatea the permiesible range of =zearch oycle= abk  run
Lime. Whenm an exit occurse [(eucceae ar failure)l, this
index rFemains at the current setting.

5=1% TABLE HAMDLEIWNG



bh. The BTS will not initialize the index whem the scarch
beginz. It iz the programmere reesponsibility to Lasure
that the inltlal index setting ie the appropriate one.
The BETS will begin processzino kthe bable wikh the aebking
it finds when the scateh 13 Indkiated.

Whnen meckad 1 is vzed, the first index name (index—name-1l} asseclated
with the table is used as the conttolling index. Only this index is
get ta conaecuotive wvalues by the RTS serial search pProoessor. Bae
Figqure 5-20, Example %, for an example of using method 1.

When methad 2 ie uzed, index=name=n iz any index that Iz asseclatcd
with the table bolng searched, It becomes the controlling index Eot
the table. It alone is set to copsecukbive walured by the RBRTS  gearch

proceesar. See Figure 5-20, Example 3, for am example of using method
2.

When methed 2 i% used, identifier-2 [5 augmonked by one cach bime the
firgs: 1ndex leontralling d1ndex) for the table is augmentied by onc,
Identifier=2 is not & eubkstitute index. It merely allows Ethe
prageammer Eto maintain anm additiomal pointer to elemenkts within a
takle. BSee Figurc 5-20, Bxample 4, lor an exampls of methed 3.

When method 4 is used, Llndex-name-2 1z gn  index that 1is zssociated
with a table other than the one being sSearched. Each Eime the
captrolling index ([lsk index for the badley af the searched table is
angmented, index-pame-2 1% alse auwgmenbed, See Figure 5-20, Example
-

5,4,14 The SEARCH Werb - Format 2

Farmat 2 is uweed to direct Eke PBTE 0 Saescch  the Indicated table
gelectively. The =elective (binary) esearch i= predicated opon the
RSCEMDING/DEGCENDENG EEY attrihbutes of the table bSeing searched.
Therefore, &N ASCENRING endfor DESCEKDING KEY(s) must be specified in
the OCCrURY clavee that defines the tabkle, ko inform the RTE  that Eha
keye are stored within the table in ascending o¢ desconding crder.

The INDEXED BY phraee muat aleo be epecified. when the binary sScacch
ie executed, the BT3 usee the first or only index associated wlith the
table a= the controlling indax for the search. The aslective [binary)
gearch 12 leplemenked in the RTE ao Eollowo:

1. The RTS examines the range of permiesible walues £for  the
index of LcLhe btable being aearchecé; selects the median valuc;
and a=malgna thi= medlan value bt che index.

2. The RTS then proceeds to process the seguance aof aimple teste

for eguallity, Deginning with the Flrst, with the index &el to
the median walue.

d. 1I£ all aof the tests for eqguality are true {success), the
sgearch i% terminated: Ehe associated imporative statomnent iz
crecubed;  the scarch exltsg; grel  the index retains its
curcent wvalue.
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4, 1If any of the teske for eguality ie falee, the following
results oCccur.

d. The RTS determines if all of the pos=sible pocurrences for
the tabkle have been teSted. If the taikle hnas bean
exhaueted, the imperative statement which accompanies the
&T BHD statement {Lf specificd} L3 exccuted. TIn elther
case, centrel iz passed to bthe next peocedural statement,

b, The BTS will now detecrmine which half of the kakle iz co
be eliminated Erom further consideration. This
determination ie predicated on whether the key being
kested 45 Im ascending ar descendlng crder, and whether
the tept failed because wf a greater tham ar lees than
compariaan. For example, if the key walues being tested
are sktared in  ascending order, arnd the median  table
clement heing wested iz greater than the value being
tested for equality, the RTE will assume thak all  key
elemenks [ollowing the one te=sted are aleoc greater than
the walue being teated £or eguality. Therefore, the
lower hall af the tzkle. thoee item= which follow Ethe
cureent index eetting, are no longer in contention.

£. Unce the direction of search is determined, half of Ethe
table i elimigated from further considecation. M new
range of permi=esible index walues ia computed frem the
remaining kalf of the table.

d. FProcessing beglns all over agaln from skep 1.

See Figure 5-=-2{, Example a, for an example of sesrching a table wnsing
Format 2 ©f the SBARCH wverdo.
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FEPwTawTARLES,

A2 ALLOWARCE=GATSE,
RY FILLER FIC ®{7@) WALLE
Faapiyque
"APRAZSAA
FASQUL 2D
"ALugeYag
"psat2ae
MaERsLE
FeTiAeAe
TORL{SER
AR EDAG
mrlaladpph,
B2 ALLOWNAWCEwTABLE REDEFINEN ALLOMARCE«QDATA,
A3 FEO=ALLOWAHNGES QCCYRE j@ TIYES
LECEMDINE KEY 18 ALLOWANEE=AMBER
INDEXED BY IkD=y,
A4 ALLOWNSHCE~HUHBER FIC X7,
A4 AL OnaHCE FIP GO8y§a,
B2 SIKGLEB=DEDUCTION=DATS,
A} FILLFA FIC 20112} VALUE
FRASAAASTARNANELA
FAMTAW 1SQ0A0L TSR
LIS EimAinlaRs
TIAVAARUABEL | SR2]
HEUpRR2TRRALERE 2,
R TePARdatasuatin
Rluana9gegeTu] TINMA,
dd SIHGLES=DEDUETION=TAN FE SEDEFINKES SINGLEG=DEDLCTIAON-DATA,.
A7 AIMGLES=TaBLE ACELAS T TIMES
AACENNING MEY IE SwMlhweRANGE JwMiX=RANGE
IKPREXED BRY JMQDw2, TEMFwINQDER,
QY S=MIN=RANGE PI{ speveg,
Ad SumMAxmRLMEE I 99499,
Ad E=TAY PIC Ggeveq,
A4 SB=PERCENT PIC ¥%g,
P2 MARRIED=DEQUCTIQM=DATL,
23 FJILLE® PIL 0119 VALUE
"ALEANRSEARAAREAR]LY
"ATLRALTIRPRAR L RAR
"1T1IPPALARAIENA]T
TEALPATAKARATOQL2E
"LULPAURIARASIST XA
LIy ASARAMARTASLE
FERARARDGRIG BT ITLY,
pg HERRIEO-DEOLCTIIn=TABLE RECEFINES WMARPIED=DEDICTION=DATA,
Al HiRRTEN~-FARLE OCCURE T TIVMES
ASCENRDIMNG KEY T8 MedINeRinGE FeMAleRANGE
IMREYED AY InC=d, IW0D=3%,
Bl M=MIW=RANGE PIC 9o9van,
Al dM=uiymRAHNGE FIC S99yaR,
Ad d=Thy PIC S9ayaq,
Ad H=PESCENT FILE vwege,
TEYP=TNEN LS GE ImMpDEX,

Figure 5-2C
Ewample of Using S5EARCE
To Search o Takle
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Exainple 1

SINGLE,
IF TAXABLE=INCDME < 2499
BO TO END=FEQ=LOME,
3ET InO=2 TOD 1,
SEARCH STNGLESwT4BLE YARYIWG INDwg AT ENG
FQ Td TABLE=Z=ERRQR
AHEY TAWARLE=INCOME 2 SeMIN=RANGE(INO=3)
MOVE JwTax{INO=mZ) TN FEQ=TANAJEDJCTION OF
OUTRiTemLETER
GO TO STORE=FED=TAYX
WHEY TAXAALEmINCOME & SekaXksRANGE[IND=Z)
SLATRACT SwHIN*RANGECING?] FROY TAXABLEwIACOWE
MULTIPLY TAXABLE=INCOUYE BY S=PERCEKTCINDe2] RQUKDED
A0D TARAJ E=THLAME TO FERN=TLIX=DEQLOTION CF

OUTAT=MLRTER,
Baamm]le 2
8I4GLE,
IF TaXaAdALE~INCOME « Q299
GC T ENO=FED=CAOME,
SET InD=2 TO 1.
BEARCH AINGLES=TAELE WARYING IMO=2 AT D
GG TR Tdo E=-p=ERAMNKA
MHEKW TANABLE=IMNCOME = HS=MIhwRdNGEf InbD=2)
MOVE S=TiN[INE=2] TO FEC=TAMK=DEDLETION OF
IJTELUTaMsETER
GC TC STORE=FEID=TAX
WHEMN TEXARLE=IYEDYE & BAMLi=AANGELINO=Z]
LIATRALT SwdTheRANGEl IND=g) FEOM TARLALE-IKLAME
MULTEPLY TLEAALE«TNCOME BY S=PFACENT(INE=2] RCUNRBED
AU TAYAELF=TKCOME TO FEQTaAX=DEQLUCTYIAN OF
QuTPUT=MARTER,
Exarple J
MARRIED,

IF TAXAHLE=INCOME « R4TaS
HOYE ZERNS T0 FED=TeX=DEDUCTION OF OUTFUTaMASTER,
G0 TO ENp=FEQ=CR4P,
SET THD=% T0 1,
SELRCA MARHIED=TABLE wAGYIhE IHD-3
AT ENE GO TO THELE=3=ERROR
WHEH TAXAM_FEaIHLOME % Y=MIN=@iNGE(IND=E]
MCVE HeTAECING=3] TO FED«TAU=CECUCTINN OF CUTRUT=HasTER,
B0 TO ETORE~FED=TAX,
WHEHY TAKAGLEmINCOFE ¢ Ymva¥nmRAhGEC(IND+3)
MOYE YwTAX{INE=3) TO FEQD=Tax=DERUSTION OF DUTPUT=YAETER,
SUBTRACY MadIh=AANGE [INO=3) FRAM TANABLE-IKCOME ROUNDER,
MULTIPLY TAYABLE-INCOME BY M=PEREENT{INA=3) REUNGED,
A0D TAXABLE=IKCOME TO FEDWTAX=DENUCTION
NF CUTEUT=HABTER ROUNDED,
GO TO STRRE~FECaTaX,

Figure 5-320 {Cont.]
Example of Uaing SELRCH
To Search a Table
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Examzle 4

STNGLE.
IF TAXARLE=IWCOMF = aii4q
G TO EmDmFERer oMP
SET INg=2 TO 1,
BEARCH SINGLES~TAALE VARYTHMG TEHPeTHEEX AT E£na
GO TO TARLE=2=ERAMKR
WHEN TAXABLE=TMEONME = S=MIMN=RANGE[TYD=2}
MOVE %mTax(INDwg@] TO FEQuTAX=RERUCTION OF
CLTPUT=HAETER
GO TO STRREwFE[=T4Y
HAEY TAYABLEwIRCCME & RaMAXwRAKGEL INDws2)
EUBTRALT SwMIMefANGELIND=27 FAOM TARALBLE-TNLCOKE
BULTIPLY TaiaR|lEmlhtOME BY JwPERCENT{IYC=2)] ROUKDEDR
AlD TANGALE=TWEOME 10 FED=TaN=hERUCTICY OF
TR T=MASTER,

Zxamzla &

BIMGLE,
IF TAXKARLE=IKCAME & RAZ24%9
GO TC EWNA=FELD=LCOKF,
SET THNR=2 T3 1,
SEMRCH STHGLES=TARLE VARYIKG IKD=g AT END
BAa TGO T.!IELE-E-EHRI:IR
WHEN TANABLE=IMCOME 3 S-HlhedsHGE(ING-7)
HOVE SmTAR[I4Cw2) TO FEQeTLX=DERLUCTION CF
AuUTPUTwMLSTES
GO T0 STORE=FEDaTaX
AHEM TAXARLE=IHNECORE € AsMid=mRAYGE(IRD=2)
SLATRACT SwkINaRANGE{INCe?] FROM TANABLE=INCDME
HLLTIPLY ThxaBLE=IYCOME AY S=PERCEMT{INDw~2) ROLWGED
200 TAXARLEAIKCOME TO FEQ=TRfwDEQLCTICW OF
QUTPUT=KFASTER,

Exanple &

FEO=DECUCT=COMFUTATIAON,
GET TwD=i TG &,
SEARCH AL FEQO=ALLAREREES &7 ENE B0 TO TABLE=1=ERROR
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CHAPTEE B

INPUT=-OUTEOT EROCESSING

This chapter relates COBOL-T4 I,0 aofcepks bt Ehe features and
requirements of VAX/WME and Record Mapnagement Zetvices |RES), which ig
the [1le and record access subsystem of the VAXAYME operating Eeyetem.
Rather than being a complete description of BMYE and COBD-%4 T,0, khia
chapgter preovides a bridge between the concepts and facilities of both.
For more Gecalled information:

1. The VAX-1l COBOL-74 Language Reference Manual descrihes the
I/0 <oncepts and  statements thak are part of the COBOL

lenguage,

2. The basiv concepts ofF BME, such as file organization, acgess
modes, and kEhe physical attribokes of {file devices, arc
dizscuszed in the Introdygtlon bto YVAX-11 Becocd Management
gervices,

Most of the following discusslon relates to file handling. Hawewver,
input-autput 13 largely device~independent im the vax=11 aystexmt the
logical name translaticn facility of vAX/VMS allows vou to epecify IS0
in 8 generalized and flexible way. Therefaore, sectiens of this
chapter describke file ngming technilgueas and conventlans, releting bhem
to both file-sasaccisted I/0 =toatemasnts (1ike OPEM, BEAD, and WRITH]
and the low=volume [0 atatemsenkte [BROCEPT and DISPLAY), which in many
eyetems apply only to terminal devices.

FILE ATTRIBQTES

A file ie an organieed collection of records that Is skored and
maintained om an accesglble medium, such as diek or magnetkic Lape,
Bokh BMS and COBOL=T4  support a Tariekty of devices, file
arganizations, accesse metheds, and storage techniguea. FIograme
communlcate with BMS by using a et of conventions and strdctures that
allow compacdibilliky of fille fefipnltions and cperaktlans among 211 ugera
af EMS5.



File attribukeg are characcerietics that determine how & Flle's
tacords  ate organized and how they ¢an be stored and &¢geased. The
attributes are agecified when a file ls ¢rested, either by a Frogram
you wrlte or by the RM5 DEFINE Oxillity.

BM3 atores the f£ile attribotee in the f£file 1kself, 8o cthey arce
availakle whencwer the file is accesscd., When a program accesseB a
file thtough R4S, it must wuze the artributes that were defined when
the file was created. FPob exemple, a program cannet read a seguential
file sz an indexcd fila, gince the indexes do not exist: 1t aksa
cannck  cortectly access a file 1€ it epecifies a different blocking
fackor or recard format (fired-lcngth instead of variable-length, faor
ilnatange} than was originally defined.

COBOL programs  specify flle attributes  throuwgh a  combination of
gtatemente in the Enviceomankt &nd Data Divisions:

1. The SELECT statemenkt specifies the flle organlZzetion.

2. File-description-entries specify record blocklng and record
format.

1, Record-deracription-entries speclfy rtecord eizes and can
speclliv recard format.

§.1 HRECORD FORMAT

Tne RM3 recard format deteriines whether the eize of a file's vecords
can  vary: and if FMS cstares control f£ields with cecords on the
s2tnrage medium.

The compller determines the receord formak atkribute from a combination

of record-dezscription-entriea, the RECORD CONTAING clause, and clausas
that speglfy print=contrulled files.

6,1.1 Fixed-leagth
Filee with the Fixed-length record format <¢ontain recards that aca all
the same slze. The compiler generatos the fixed-length record format
file attributa whon:

The file has only one cecotd dgacription, o=r it has multiple
rocord descriptions, all of which ate the eame gize;

LED

The file descripticn does not contaln a "RECORD CCHTAINS
intager-1 T0 integec-2" phrase;

LHD
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The frogram does not specify a print-controlled file by weing any
aof the follewing to refer ko the flle:

# The APVAMTING phrase ]la & WRITE statement
+ 4an AEPLY EFRINT-CONTELDL <lause in the Environment Divieion

*+ LA LINAGE clause In the file description

6.1.2 WVariakle-length

Files with the wariable-length recnrd format can contain recaords  that
wvary in &ize. BMS5 stares a rogord length £ield before the beglnning
of 2ach daka record.

# For dlak flles, the record length fleld is a 2-byte (l=word)
binary walue that specifies the lengkh &f the record ln bytes
{excluding the record length field).

# For tape fileg, the cecord length field i= a d=byke decimal
value that egeg¢ifies the length o©f the record in byees
tingluding the record length field).

The compller generakes the varlable-length atkribute for a Flle whan:

The file has more than onme record desgription, and not  all
records described Egr the file are the Bame sizej

OR

the £ile description conteins a "RECORD CONTALINS inkeger=1
T2 integoer-2" phrase.

6.1.5 Variable With Fixed=Length Conttol

Variakle wlkth fixed-length contral recatds ace similar ta
variable=length re¢ords; however, they contain a fixed-length <onteol
Field between the record lengkth Field amd the wvariable=length data
recard,

The compiler gencrates this attribute anly for print-controlled Filles
apmd for files that are apened by a DISPLAY statement; the BRTS stores
print-control values in the filxoed-length contrel field, which 1z twe
bytea lonyg. Secrtion 6.1,1 deseribes the COBOL language apecification
of print=contetolled files.
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6.2 RECORD SITE

The space needed £for a recard on a sSktorede medliom depends on the
tecord format, the Eile organization, and the size of the COBOL tecord
description that iz used to weite the record.

The maximum aize of a record depends on recard foemat:

a Faor fixed-length records, the maximum s$ize 15 Ehe record
gize.

# For variablc-length records, the maximom =zize ia the size of
tbhe file's Jlargeet cecord descripticn in the COBOL peoqeamn
that greated the file, plue the number of overhead bytes
needed for the storage mediom,

In relatiye Files, all recorde are &tored in fized-lengkh "celle®.
Cell gize ia one byte larger than fixed-lengkh record size; the extra
byte is a delete flag, which RMS ugses to determine if & cell contains
a4 record, For warisble~length zIecords, cell size is three bytes
larger than the maximum record sizer it includes the delete flag  and
Ehe 2=byte recard lengkh field.

In seguential and indexed flles; however, werizhle-length records can
34ve  Space, EM3 s8tocrea records contiguously whenewver posaible;
therefore, a wvariable-length record reguires less space Ehan a
fixed-1length rocord of meximum gige if ite lengtch differs from the
max loum record slze by more than ite variable-length overhead.

The silze of a Jate record written by a CCOBOL program is deteormined
anly by the effective slze of kthe record desceiption pmamed in the
WERITE statement, In kthe fallowing example, the £irst WRITE statamank
causes 56 bytee to be wrikten to the file specified by ACCOUNT-FILE:
the Becond WRLITE statement transfers 42 hbybes:

FOL alCOUNT=FILE

0l ACCT-FLAG=-REC.

03 FILLER PIC X (40).
gd  ACCT=FLALG EF1C 94{3d).
Gl ACCT-REC.
03 ACCT=MDM EF1C 8(10].
03 ACCT-HAME EBIC Xi{30}.
031 ACCT-LIMIT BPIC 946].
g3 ACCT-DISBCOOHT FEIC 99VHS.
03 ACCT=DATE FIZ 3{6]).

HWRITE &lfCT-REC.

WRITE ACCT=FLAG-REC.
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If the records are written to a relative file whose maximum  recozd
size 1g SE€ bytes, the RTS 5t11]l tranafers 56 bytes and 42 bytes;
however, the space needed foar each record iz 5B oytes, excloding the
delete flag, Tor the 4Z-byte record, BME ttansfers the 2Z-bybe record
length field and the 42-byte dara record;, 1leaving 14 unueed (and
inacceseible} bytes, excluding the delete Elag.

.3 EECOED BLOCEIRG

Record blockitg can incresee the execution speed of programs  that
perform many file I/0 operations. In general teems, a block 1s Ehe
unlt of data tranafer between a program and a file storage device. A
Llock can contain one ot mote cecoeds:; if it contalns many records,
1/0 speed can increaee == the program tegquires only one transfer from
the device +to memery in order ko consecutively read records in the
gane hlook.

The COBOL language expresses block size in kerms  of Tararde ag
charackters. The actual size of the vnit of data rransfar 15 affected
Ly the sterage medium, record Fotmat and file organizaticon. Because
the term “bleck" can have several meanlngs, the rest of bhis chapter
uses terminclogy that is more zpecifis:

Fhyaical Block
A group of eonsecutive bytes of data treated az & wnit by
the storage medium. On magmetic tape. a physical nlack can
vary in size; it ia the nbumber of bytes betwesn  Ewa
Interrecord gapa. Cn disk, a physlical slock is a Sl2-hyeEs
unit.

& physical blaock can contain one or moce reaocds, or it can
cohtain part of 3 record; records canm span physical black
houndaries.

Physical blogk i1s synonymuus with  the YAX-11 RMS  tetm,
block.

Bucket
For relabive and indexed files, the RMS unit of Eransfer
berwsen atorage davices and 150 boffers in memory. & bucket
can cantain one of more records: however, rfecords cannak
span bucksaty,

Record Unit Size

The sterage medium space (im bytea) needed Lo store a recerd
in & file.

For fixed-length recorda, record unit size ie the regord
length,

For varishle-length records, regotrd ubit size ia the max imum
cecard lengkh plus the size aof the counk flgld.
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n CABSL,

Foy wgriable with fixed-length control records, recard wunic
aize is the =um of +the marimum recocd length, the coont
field =ize, and the size a9f the print-centeel fleld  (two
bytes) . .

vou can specify blecking in terme of records or characters.

of you cap uese the compiler's default. The following scctions discuss
khe three methods separately far each file organlzation. The esamples
refer tp the followlng =amples of CGROL flle end record descriptiona:

Gample A

FD TEST-FILE

LALBEEL RECORDS ART STAWNDAIRD.

0l REC-1 PIC X(1dD).
01l REC-2 PIC A[RI11).
Eample H

Fo  TIRST-FILE

BLOCE CORTATHS 50 HEZGEDS
LABEL RECORDE AEE STARHDARD.

gl REER-1 PLE X{Z0).

Sample C

FOb TEST-FILE

BILOCFE CONTAINS blZ2 CHARRCTERE
LabzL BRECORDS ARE STAMDARD.

011 EREC-1 PIC xX{d34).

6.3.1 Seguential Fllee on Magnetic Taps

Default

The physleal hlack =ize ia decermined when the wvolume 13 mounted)

ir

Lhe /BLOCK=n qualifier ie not used with the VAX/VME MOUWT

command, the BMa3 defavlc is 2048 characters. .

BLOCE COWTAINE n EECOREDS

The compiler computes the ghysical block size 8= o maoltiplied by
the record unit size.

Example:

Sample Fhyeical block size

R 1d00 bytes [SU*ELY
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BLOCK CONTRINS n CHARACTERS

I1f o i5 less than the record unit size, the compiler igonores

n

atil wu3ea the record umit sige as the physical lock size.
Otherwise, the physical block =ize egquals n. HBeiorde cennct span
pnyaical blocks: thetefore, & physical block can <ontaln only
complete recorde {regacdless of ce¢ord foarmat). A physlical block
lz transferred [wrlttem) o the magnetic tape device when the

program tries to add & record that cannet fit into  the
buffer: +the unwritten recaord begins the mext phyeical Elock.

Exampla:
Sample Phyeical block size
C 512 oytes (10 unused)

£.3.2 Beguential Flles on Disk

Becorde are packed together in each physical Block; there are

Is0

no

uoused bytes in any bleck, and the cecoids can epan block boundatrles.

Dafault

The EMS5 default determinea reccrd blocking for eeguantial disk

files.
BLOCY OQOMTAINE o RECORDE

The compiler computes the wnit of data transfer, in  ‘terme
3li-byte phy=zicel blocks, as Ecllows:

Unitk of data transfer =
(n*record unit eizes31d}, tounded up

Bxamplc:
Lampla Onit of dete tranefer

B 2 = [BO0*20/512), rounded uvp

BLOCE CONTAINE n CHABACTERS

The compiler computes the unlt af data rransfec, in kerme
5l 2-byie physical blocks, as Eollows:

Doit of data tranafer = nS5ld, rounded up
Txample:
cample Onit of dabka transfer

C ]l = 512/512, rounded ap

of

of
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6.3.3 Belativea Files

In each of the follepwing metheds for compukting bucket size, ane byte
ig pdded to the reccrd wnikt =ize. ERME add= one byte to each cell in a
relativye file ko Indicate whethet the cell cantalns a tecord or  is
empty, Hucket size ie erpressed in terma of S512=byte physical bklacks.

The bucket eize is a fils atcribute; therefore, sach time yowu acocess
Ehe f£file, you must speclfy [t the Same way a3 when bhe file wae
creatad.

The following examples refer £0 the COBOL samples oresented in Soction
£.3,

Defanlt

The compiler triee to make the bucket =ize B2 amall asz poesible
by compukting it as follows:

Bucket size [(l+record unit =ize) f6513), rounded uop
Example:
Sample Bucket Blize

A Z = [41+(2+511})/512), ceunded up

BLOCK CONTAENAE n RECOROS
The compiler computee the bucket aize as follows:

Bucket Bize = (n*[l+recocrd unit size)  51Z2], rounded up

Example:
Sample Bucket pize
B 3= (50*(0+20:/913), rounded up

BLOCK CONTRINS n CHABACTERS
The compllet computes the bucket size as follaws:
Bucket sizo = n/5ld

Where:

# n muet egual or exceed [(L+record wvunit eize]. 1£ it 1a lees
Ehanm  that dguantity;, the complley isgues a warning diagnoecic
gnd uses bLhe defavulk method to compubkte eEhe bucket size.

# n muet be a mulciple of 512. If not, the compiler issuss a

warning diagnestic and rounds n up ko the next multiple 2F
F13.
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Examglas
cample Buckat size

C 1

§.3.4 Indexzed Files
Each of the metheds for computing bucket eize for indexed fileas
congldecs averhead bytes for each record and bucket:

7 hytes
15 bytes

Record gverbead
Bucket averhead

The bucket =ize iz a file atteibute; thecefore, sach time vou access
the £file. you must azpecify it the zame way as whepn the flle was

oreated.

In egach of the Eallowing methods, Bucket size 15 expressed in terms of
5l13-by¥te physical blocks. Again, the examplea refer to the COBOL
gamplee presentod in Sectlon 6.3.

Defaunlt

The compiler tries to make the buckat size ze small &8 poaeible
by compukbing it ae followe:

Buckeb slge = [((15+(7+record unlit zize)) /512), rounded op
Example:
Sample Bucket slze

& 2 = {[15+(7+{2+511})] /512], raunded up

BLOME COWTRING n RECORDS

The compiler computes the bucket slze as followa:

Bucket size = ([l3+[T+regord unlt glze]*n) 512}, ctounded up
Example:
Sample Bucketr giza
B 4 = [({15+{7+20)*50)/512}, rounded up
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BLOCK CONTAINS n CHLEARCTERS
The campller rompotes the bucket size as follaws:
Burket aize = n/S512

Where:

» 1 must equal or excoed (L35 (7+cecord unit eize) ), TE it is
less than that guasntity, the <compiler issuea a warning
dlagnostic and uses the defaylt method tn <ompokta  the Bbucket
size.

# 1 must be a moultiple of 512. If not, the ocompller lssuez a
warning diagnostic end roumde n oup to the next moltiple of

5l2.
Example:
Sample Bucket size
c 2

n*{512] ie less than the minimum
required by the Firat ruoley; there-
[ore, the compiler uvees the default
method.

.4 CURRERT EECORED ARER

& file's curcent recocd area 15 the locatien in  which records are
aAvallakle ko a [OBRCL progtam: it 13 defined by the recocrd
descripticons that follew the EFile deszcciption.

COBOL IS0 statements appear bto transfer daka direckly bebtween a £ile
and itz cuerent record acea. Actually, IS0 statements trapnslfer dakba
hektwaen the current record gsrea and +the Ffile's /70 buffer. EME
manages khe T/0 Loifars and kransfers data between them and Files,

E.4.1 Effescts on Output Operations

The current tecord area Includes the total area desceibed by all of a
file's vecord descrlptions: it 15 as large aa the largeat record
deecriked for the file.

The gize of & rtecotd wrlttesn by a3 COBDL program, however, 1=

determined by the record descriptlian hamed 1n the WRITE or REWRITE
statemenkt.
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6.4.2 Effects of Input operations

The RTS doea not clesr the current record area befare execoting a READ
operation: Eherefora, the contenta af the currenkt record ares after a
READ are determlned by the length and conkents o©f the tecord. For
example, when the progeam resda & record that is smaller than the
largest cocord described for a file, khe gaperation doesz not change Ehe
ares beyond the end of the incoming record.

Con=2ider an example in which the current record area ocontalng 20
characters frem the first record read from a file. IF the next READ
teturne a l2-character cecord, the remaining B character positions are
not coanged:

Curcent recard area after firetc READ: | C2I5354CABINET, FILE

Cankenta af nex: record: GRZTANICHATER

current record area after next REAL: G740 2CHATRET,, FILE

It is pot conaldered a good COBOL orogramming practice to depend on
this condirion.

§.4.3 8haring Record Areaas

The compiler normally allocates sStarage  2pace  Beparately  fer  each
file's current record area. This acthad of current record arad
alivcation has twe pobkentially undeesirvable effects:

1. EBach file's curtent record area reguires storaga in the
prodqeamn's Dete Division. I1f the numpet of Files and the
gizes of their recocrds are large, Data Dlvieion s=ize could
apatnach CODOL=74'z2 Data Bivision size limitatlon, which is
£5,535 byte=s.

2. PBeading cecords ftom one file and writing them +to another
cequites an intermediate data transfer from one file's
current record area to kthe ather, If the program proccidses a
large nucber of records thiz way, the data movement
operations could add slanificant processing ovarhead.

Files can share currenk tecord areas, thus reducing both address space
and proccsalng  overkead, You epecify corrcent recocd area sharing by
ueing the SAME RECORD LRER clause in the I-O-CONTROL paragraph of kthe
Tnvilronmankt Oivieion. Far all filez napamed 1n & SAME RECORD ARER
clause, the compilar assigne kthe beginning ef the currenk tecord areas
te a common location; the lefomeost bytes oF each current recard area
coinclde in the same way that the leftmost bytes of cach record for a
flle ehate one location. HRecords oeed not be khe same size; nor &usk
kbhe marinum &Slzes of each cuterenk record area be the Zamc.

Figure 6«1 showz the effect of curcent rcecord area eharing 1o a

program  that reads recorcds from gne Llle and writes them to another.
However, it aleo shows a drawcack: current rececd area sharing is
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equivalent to implicit redefipitiont the recorde do noE exist

separaktely —— therefore, 1f£f the program changes the record defined for
the putput file, the arigimal input Eile recocrd 12 no  longer
available. Eemember that wou cannot acceas a file's [0 buffer
dicectly.

Figute 6-1

Sharing Record breas

Program Without Sharing Program With Sharing

T-0-CONTEQL .
SAME BECUED AREMR FOR
INF=-FILE OUT=FLLE.

+

-

PROCEDUTRE DIVISION. PROCEDORE DIVISION.

EEAD INP-FILE ... REATY INP-FILE

MCWE TWP-REC TO QOT-REC,
WRITE QUT-REC ... WRITE OOT-REC

Froceas Without Sharing Praoceesa Wirh Sharing

IHP-FILE buffer

REMRD RE&D
[move) [mowe)
INP-REC
MOVE INp=RELC
OUT-EREC
3
OUT-REC | 1
WRITE WEITE
[mowve) [mowe)

QUT-FILE huEfer
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6.5 I/ BUFFERS

An L[S0 buffer ia an intermediakte memory atorage loration for data
tranafers between a pregram and L1ks flles. FMS amsigna buffere
dynamically: that 15, it does not allocate address opace for a file's
buffera umtil your program opens the £ile., Furthetrmots, when yoor
prageam <loses a f1le, BME relegaea the IS0 buffer’s address spacae.

Using buffers, AMS can perform I 0 operations with 1ittle cogard to
the program's desgrlption of records and files: Lt <an read or write
miere data {or less} in each cperation than the program requests.

Buffer wBe ie necezsary for record blocking:; £or example, when your
program reads a record that is part of & legical block, only that
record is made available inm the cutrent record ares. The rest aoF the
records ipn the logleal blogk are =till available i; the file'es 170
buffer, and BEM2 can often make them avallable ko wour program  without
acoesslng the file agaln.

Multi-buffering {allecating moee than one buffer for £ile cpecatlons]
can increase the speed of 1/0 operations. Using multi-buffering., EME
can reduce your pregram's record gofese time by storing large  apounts
of data i the progrem's addrees apace between L[/0 reguests. TIE the
projqeam krles to access a record cthet ig already in the buffec, THE
must eanly mowve the recard to the current record ared, tegacrdless of
how the file i= blocked. You cab take advantage of molti-buffering by
nsing the BRM5 defanlts or by specifying multiple huffera with the
RESERVE clanse.

£.5.1 BME Buffar [efeulbs

BME uges delfault multi-buffer counte when they are not specified by
YOUE PpEOGEam. pefaults for sequential, reclative, and indexed files
can be et an a aystem=wide basis; however, vou can alsa Jdaefine  RMG
defaultes far wyour process by using the SET RME_DRFAQOLT command. ¥You
can display the defanlte with the SHOW EMS DEFAULTS  conmand. The
VAX/YMS Command Language Usat's Gulde describes hoth commands.

6.5.2 Kultiple Buffsts [(RESERVE Clause)

Tou can use the RESERVE clause En the SELECUT statement to specify  bhe
nymber of I/0 buffers that M3 will wuse fa¢ a file. The RESERVE
clauge specification owverrides the BMS default, allowing wyou to
reperve mare buffere for programs in which I/A0 speed Q5 Lmportant.

You ¢an apeclfy up to 127 areas in the RESERVE clausc: however, LE

tecord or block sizes are large, heavy multi-buffering could cause the
buffers to take & large proportion of the process address gpace.
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¢.3.3 BShating Buffers (SRAME ABREA Claucse]

The SaAME AREAR clauee apeclfies thak two or more filee are to wge bhe
Zame memocy acea (150 baffers) during proceasing. It 1ls mot valid to
have mare than one of Ehe files o2pen at the eame  time; the H®TS
reparts a run—klpc cecar when it detects this conditiaon,

FM5 &l lacates 170 buffers dvnamically (when your poodgram Lpens A
Filel, =0 buaffer sharing would nat save ccoources: therefore, since
mare than one file specified im a SAME AREMA clause cannot be open  at
the =amc time, buffers are not actually shared. Towewvor, ¥Ou ©an use
the SARME AREA clause ko ensure that epeclfle filles are closed before
others are vpaned.

B.8 OPENIHNG FILES

4 COBOL pragram must explicitly open a file befare it cap pecform  any

i/ operation on  it. ¥You can apen fileg in four modes: INPUT,
QUTFUT, I[-0, and EXVEND; the choice of qpen mode determines which I/0
atatements Yol oan nse. Thi= section summarizes the 10 scatements

that can be osed for esch open made; it alse discussee the procedures
324 by the RTS and BEMS when you open files.

6.6.1 I/0 dperaklons

Three canditicna determine the I/0 operations thak & program  can
Gecform on a file:

1. Tile organization
2. ACoEs5s mode

i. Cpen mode

The relaticnshipe among flle organization, access mode, open maode, atd
1/0 statements are nieravchical: flle osrganization determines which
access modes are valld; the combination of organizaciaon and  access
rode determines walid opes modes; apd the combination of all three
enabies o©r disablee 1I/0 =sLatements=, Tahlea -1 shaws hese
relaticonshipe by indicating IS0 stabtement availsbility for each walid
conblnak ian.

f~14 IMPUT-0OUTFUT PRCESSIHG



Table B-1
I Rbtatements Growped by File Jrganlization,
hooaesg Mpode, and Cpen Mode

Fil= LoCesE Doen Mode
Jrjanization Koo Shatemank IAPUT | QULPUT I-4 EXTENT
SEQUEKTIRL SEQUEHTIAL | READ Yes Mo es ko

FREWERITE No M Yoo Wi
WRITE Ho Yes UL T
REMLATIVR SLQUENTIAL | DELETE W Hio Yep
EEAD oo Ho Tep
LESRITE Tn HO YaE
STLRT Tioa Mo Yep
HRITF 'Ho Tes Ho
SAKLOM DETETE Hn Mo Yes
REALD Yas Ho Tes LA
EEWEITE Mo Ho Tep
WRITE Ma Taep Yes
DYRAMEC OUELETE Ha j s Yo
RELTY Tes Lo ¥exs
RELD WEAT Yes 1 Wa Tes
BEWEITE ! o Ko e-F-1
START i Yes ([} rEs5
WRITE | Wo Yasg Yes
THOEXRELD ERLTISWTTAL | TELETE ] Mo Yo
EE&D ¥Yeg Ho fER
FEWERITE Ko i Yes
STaRL Yo 0l Ted
WEITE Ho Teg [ Hw
|
3
RANDODM DELETE Ha o i YeE
EEAD W o YeE
EEWLITE Ha Hu Teg M/ A
WELTE Ha Tieg Tap
LDYNAMIC DELETE Ao o Yas
READ Tes Mo Yag
RERD MNEXT TeEB 4] oo
BEW:LTE N Ha Tag
STERT teg Ha Ton
WRLTE Ho Yoo Tea
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G.6.2 OPEN Statement Execution

This section discusse:s the file open procedure and how it iz affected
by the following conditions:

# Flle organization

W AdteSsS mode

& Dpar mode

® KETS ercor deteclkian
® EHHMS artor detection

» Existence af D3E proceduares

&n OPEN statement causoes the RTS ta bhegin a feries of procedurea that
attempt to wmake the f{ile available to the program. If an error is
detected, the OPEN fails: the RTS either performs the applicabls [SE
procedure {1f the pregram has one) ar lssues an ercor message and
terminates the image.

Tho fallowing procedure starts when a COHOL pragram  teaches an  OPFEN
statemenkt:

l. The RTS checks the currenk status of the file. If it ia
already open, the JOPEN fails.

2, The RLS builda a file epecificatian by using the contents of
the WALUE OF ID idenkifler, il &nv, o reolace or add to the
components of the ASSIEN clause file epecificacion default.

3. If the file was named in a SAME AREA clauee, the RT3 checks
the oStatus of all other files named in the clause. If any
are open, the OPEM faila,

4., The RIS calls ERMS, regueskting that ik open the [1le, IL BMS
detects an erccc in 1ts orocedures, it repocrts the ercor
condition to the RTS and the GPEW fails,

E. ERME passes the file szspeclification to a logiecal name
tranalation routine, whlch replaces the file specification
with the tranalaticn, if one exieks,.

6. If the File specification names an invalid device, or if HMS
detects any abher sryer fn the file specificatioen, it resarcts
the error to the RIS,

7. Lf BMZ cannot find the flle;, 1% notiFiles ihe RTS; then, |if
the program apecified +the file as OPTIOHARL {valid for
eequential Files only) and the oper mode is  INPOT, the RTS
warks the f[1lle for an &T EHD condition, considers the OFEN
guccesaful, end returns control to the program. Ocherwice,
if BM3 reports that it cannot [1nd ke flle, the OPEN fails.
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B. If the RTE detect= & aignificant dLiffectense bketween an
eiisting file's atrributes and thosge gpecliled during an open
For input (such as different file warganization), the OFEN
faile.

8. IE the program is opening a sequential Flle for outpat, and
the PEOGT & cankalned eitnet Ehe LINAGE or ALFPLY
PEINT-COMLECL clause=s, the RTS inltlallzes the LINAGE
counters.

10. Befaore ceturning contcel to the pregram after a successful
QFEN, the RIS marks as enabled or disakled all the program'e
I1/0 etatements that relfer to bhe file, dependlng on the f£ile
crganization, access mode, and open made. ([(See Table a=1.1

6.7 HAMING FILES

In a COBOL predgram, you refer o a file by ikse file=-name: the name
you gpecify in  the FD and uwse in the SELECT, 0P2K, MELD, ST46HT, and
CLOSE gtatemente. Haowewver, you refer b0 the physical file, as Lt
existz outeide the pragram, wikth o file specificaticon. The A55IGH
clanse af the SELECT atakement cankaing Ehe defaulk il
specification: the VALUE OF I- clause in the [ile deacripkion
particularizea the file speclification,

Thiza socklaon diacusses file gpecifications and logical names, which
are dezscrlbed in detall In the VAXSVME Command Language User's Guide.
It relates the BSSICH and VALUE OF ID clauses to the two £ile naming

techniques and recommends a convenkian Lhek yan can Fallaow to make
your COBOL programs device=independent..

HITE
The term "system™ is used whenm it is not
logartant tao differentiate hetween

VARSVME and its  subsvstoms  [BHS, for
exarple] .

B.7.1 File Epecificetions

File specifications provide the ayatem with all the impfermation it
needs o wunlguely ldentify a file or device.

The general form of the [lle speclfication 153

paode : sdevicer [dlcectary] fllename. typopver
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The punctuation marka and bhrackekts separate the f£ield:s of the file

specificatien.

naGe

gdevice

directory

filename

tvpe

VEE

The fields are:

A netwack  node pame ldentifies @ lecakion on the
netwock, if wour system 15 connecked to one,  Wode
names &fe From ape to six charactere lang.

Fach bardware device in the avatem has a unique devirce
name SpeciFication in the format:

devcm

where dev s 3 mremonic for the device typet c i &
conkroller deslgnationy and ¢ 18 & unit number.

This fleld namee @ directory file, whick containzs fthe
identifications and leceakians of @ ueer's filee on a

dizk devioe, DirecLoty mnames musk be encloeed in
either =guare bracxet=s [[ and 1} or aogle Brackets [€
and »).

Tnils fleld, In combinatlon with the flle Eeype and
verslon AUMZCE unlaucly idenktifies flles wilithin
dAirecrories. The £ile name can bhe fram ane to nine
characters long.

The file type ie often uwged to ldentify & flle in cerms
of its contents. It wan be Ffrom onre to khtee
characters long. For example, the file twvpe o f
exocutable images ls wusually EXE.

Varslon numbers are decimal numbers from 1 ko 32767
that difFferenkiate bebkweaen version=s aof a Ffile. For
example, if you create a file with the =2ame £ile name
and kype a= ane Lhat glrepdy exisks in  the =ame
directory, the eystem assigns a version nucmber that 13
one gtaegker khan kthe highest exlsblng wversion. You
musk puok & gemlcolon or &8 paripd hefore the wer=ion
numbker .

811l fields are ocpticnal in a file epeciflcation. The avatem agupplies
defaunlt wvaluesa for a2ll omitted fielde, except file name and type. For
exemple, default device and direcktory names are established whem  wou
leg in; vau can change ehem with the SET DEFAUOLT command.

Pile Specificatlon Examplecet

Fefatg

DBAL: [EMITH]ACCOUNT. DAT

tad khe Jateat wverslon  {defaolt}) af the Flle oamed

ACCQUET.O0AT dim direckocry wname  [SMITH] on devlco DBRl:  an the
local system {node name defaunle),
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PAYRUL,MEW 23

Refers ta verslon nosber 23 of the file pamed PAYROL.BNEW in  the
dafpult direceory on bhe defaole deviace.

File Bwitchas

Flle speciflcations 1n the ASSIGH oc¢ WALUE OF ID olause <¢an be
followed by ™file switches". Thnege Bapecificatione ara nok
defincd by VAX-11 RMS; however, the RIS accepts them and
tranelates them bto ¥AX-11 EMS patameters, COBRDL-T4 accepks flle
gwitcpes  for compatibility with PDP-11 COBOL. (Thaey  ara
dizscus=sed in Secticn &.E.6}.

&.7,2 Logical Wames

Logical names allow you to write programe that are  independent of
phy=sical £f£ile specificaticns. They aleo provide a shorthand way to
gpecify files that you refer to freguently.

When the eyetem geka & [ile specification, 1k teles o flrd  an
agulvalence name to replace the leftmest component. If the leftmost
file epecification component is mot a2 lagical name == it might be a
directory name, for example -- the syetem does not translate it.

You can assign leogical names wikh the A3SIGH  command, which 15
descrlped  in the VAX/VHS Command Lasguage TUser's Gulde. %hen a
logical name 18 assighed, it and lts eguivalence name are placed In
ane of three logical name tables, Jdegending on whether they are
assigned for the current progess, an the group level, or oo a
system-wide basis.

Te translate a logical name, the syetem asarches the three Ekakles in
aorder [proceea, groug, ayvatem); theraefare, wou ¢an override a
system-wide leaical name vy defining it for wvyour group O 0 your
praces=9,

Logical name tranalatiar is & recuralve procedurser that 15, when the
syatem Etranslates a iogical name, it uees the egquivalence name as the
argument for ancther logical name cranslatlan. Tt conkinues in cthia
manner until it cannot translate the eguivalence name.

For exarple, azsume that the eguivalence name of FILEA 1= ALPHA.DAT,
and yau use the AESIGHN commatd:

ASSIGH FILER MYEILE

1f wyour program tries to open a file whoge file specificetion is
"AyFILE®, the system translates "HMYFILE" o its eguivalence name,
"FILEA", then usez "FILER"™ az the argument for a eecond translation to
"ALPAA.DMLT", Tf you had not gstablisghed "MYFILR" a8 8 loglcal nama,
the zyster would use it g s [lle apeociflicatlion and look for a Eile
named "MYEFILE.".

IHEOT=GOTFIIT PROCESSING 6=18



6.7.3 BSJIGH and VALUE OF IO Clauses

¥ou canm use the SELECT ghalkement ASYLGH clause alone aor in combinatlon

wikh

the VALUE OF 1D clause to supply file apecifications and logical

names for files. The ASSIGH cleuse literal san conteln three types of
file pames:

6=210

Complete f£ile spocificetion

Tf vou want the flle apecification to ke the eeme whenever
yall trunm  the program, yau can use a complete explicit file
anerificarion in the ASSTGNK clause. Por exanple:

SELECT WORKE-FILE
ASSTICH T "pBel: [WORKACCT|WORE] . THE".

¥You need not use the VALUE OF ID clause 1f wyou choose  this
technigue.

Fartial file specification

If patt of the file specificaktlaon cen change from one run  ta
another, you can use g pacrtial file sprcificatian:

SELECT IKPUT-FILE
ASSIGH TO "OBA&l: .DAT™.

If you do net use the VALUE OF ID clause, khe aystem uzes the
default directory and a null flle neme. However, 10 Fou use
the WALUE OF 0 IS ideptifier clause and uge the ACCEPT
statement to  get the £ile name at run time, the contents af
the identifier "£ill Ln" <t replace all <t pactt of the
partial fli¢ specification:

ldeneifier contents file specification
[JCHES] A nefl: [JONES]ALDAT
EERSONHEL DBEAL: FERSCNNEL . DAT
[WILLIAMS] DBAEL: TMILLIAMS] .DANT
s5paces DBA1: . DAT

DBEAD: [GMTITH]WEEK. L13 LBAG: [SMITI |WEEK. LIS
. THE ohAli . THEP

Logical nams

A logical name can look like a parklal file apecificatlon
and, in fact; can be vsed in the same way. TNowever, if the
name 18 nat ghanged (by the contoents of the VALUE CF ID)  Ea
that +he ayatem recognizes it ag a [lle apecification, the
svetem ttlez to kbranslats it.
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Fot crample, assume that the logical pame "MYFILE" translates
to the eguivalence name “PERSONMEL.CAT™. If Lhe SELECT
gtakement ig:

SRLECT INP-FILE
ASSIGN TO "MYFILE",

and the program &ccepts input at run time bo Fill the WALOE
OF ID Identifier, logical name translation may o may not
Eake place, dependling on the inoput:

identifier cankents file specification
. DAT M¥FILE.DAT

Epaces PERSCHMET., VAT
[EMITH] [SMITH]MYZILE.

You can often inctease program versakility and zvoild "one-time"
recompilations by wvaing lowlcal names in the ARSIGH clapse literal.
Conaider an ac¢ounting syatem with 20 programs that access  thr fame
ten master filea, Tt could be necessatry ko use the same programs ko
access another a@st of master f£iles ak the skact of 2 new  vear,  for
egample, when rtwo  2egounting  yeara are acklve, or when ancther
arganization'e accounts must also bhe malntained. The gmauat of work
involved in eenverting the progtams would depend an the pcograms® £ile
namlng conventions:

o If complete file spocification= ate g8ed in che ASSTOW
clavse, and the pregrams do not acocpt file specificakions at
run time, all 20 programs need t0 he ecdited [(ten File
specification c¢hanges in each), linked, and probacly renamerd
to avoid cenfusiaon wilkh the originzls. The obvious risk of
@ryof regquires that the programs e tested.

# If the programs accept flle specifications abk run time, they
would not need to be changed. Mowover, assuming they run as
hatch jobs, each command pro¢edure needs te be  changed,  and
prabably renamed. I1f the prayrams run dinkeractivelw,
gperataors Wwould necd to be taught to use the ocoreect  file
specificaticne far each progran, dependisg on which set of
fileg was to e ueed. 1In addition to zeing cumbersome, this
procedure  would likely resulk in EFile specification etrors,
and pethaps damage to daka Miles.

# It leglcal names are used in the ASSIGN clause, the progeans
wiuld not peed to he ¢changed. 1f the pragrams run as batch
jobs, the command procedures are simpler than im the grevicus
cage, ginga  lagical name aZeignmenkts need e made only once
&t the begioning af £he procedure insterd af o7 cach
pEodE am; if multiple command procedures were used, Lhey
couwld all execute a single command procedore  that coee
nothing &Du:s sassiqn logical namee. Tf Lthe programs cun
Intaractively, the apaetator necds wnly fo executa one command
proceduere ko afsign all logical names Lor the correct =et of
filea.
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E.7.4 Flle Swikches (PDP-11 COBOL Competibility)

PoE-1i COBOL  allows the use of awitches {gualiflers) 1n file
specifications to  communicate options k¢ the Cile management system,
EM5-11. The RTE transls:tes these swltch ssecifications ko make Ehea:
compatible wlth vAX-11 &MS; thus, you van recenpile most POP-11 JGBOL
prodeans Wwith VaX=11 COBOL-74 and o¢xecote them without change.

Tabhle £=2 describes the PDP-11 COBOL  file specification switches.
¥Note that some af the terminoclooy and congepts are oot the Same as
El:ose in the WAX-11 system. Hote aleo  that nureric waluss are
cpecified as either decimal or ocktal, not hexadecimal .

Table -2
File Specification Switches
for Compatibility wlth PDP-11 COBCL

SWITCE MEAHIHNG

FALin Allocake a dizk slaocks to the file when it i= created.
Thiz CRIULas that o blocke are available before
precessing begina. Yoo can alse usSe the ewitch ko
enagre bhat the the woelume ¢gn neld the entire file, IE
the rightmost character of n i= a decimal point, the RTS
interprats the walue &3 & decimal number; otherwise,
the RS treats n a2 an ootal value.

The blocks allagated need not be contlguows.

SCLn The BTS2 treats thls ewirch identically +¢ the W1
a2uitch. The 7L sowltch ig included for comgabibility
with PDP-11 COBQL programe ruoning under  the RSC5/E
opeTabting syatem.

SO0 Thiz switch complementks  JFAL:n: it further sapecifies
that all blocks be conkbiguous, TE the rightmost
character of »n iz a decimal palnt, the RIS intergrets
the walue as a dercimal oumber; otherwise, the RTE
tteats n as an 9ctal value.

SEbQ:n Gpecifies an extension guantity of n blocks when khea
file 15 ereated. & large extenzicn guancity minlmizes
extend operations. If the rigntmest character of o is a
deaimal geinkt, the RIS interprets the value as & deacimal
number: othorwise, the ET3 treats o af an ogtal wvalue.

SDM Cauacs T/0 buffers ta e writken only when f£foll, a3
contrasted to  the default case, in which every write
operation causes a physlcal 1/0 operation. This aptlon
iz avallable only for files that are not weite=shared.

SLD Causes PMS to uge the £ill numbers sSpeclified when the

I'ile was created. #ill numbers can cavse the file to
conktain Feee space to allow later recard ineertion.
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SMI

/5H

SHIn

Table E=2 [Continued]

This swiktch optimizes the insertiom {lnte an  indexed
filel' of tecotds sorted in order of ascendling prime key
values. Mass Insecrtion eliminates the index search for
subh=zeguent writes. Thiz foekture ie  implemented 1n
BEME=11.

gpecifies sharing of the file, making it available for
writing by other procosses running concurrently with the
COBOL  program. This ewitch i= not allewed  for
geguential files. Par other ceypee of files, the
following rules apply:

. If the /SH ie specified Ffor one process Sharing
the file, i must be apecified for all

procesasa sharing the file.

2, 1If a File is being opened for ootput or I 0
with the #5H swltch specified, all ather
processes ¢utcently ueing the file muet alseo
have the /SH switch speciflicd,

3. 1f a file 15 opened for input without the J5H
gwltch eet, no other process capn uvee the file
for opkput ar I/0.

4. If a file 15 opened for input witheut Ehe JF3H
awitch sek, ne other procesa curcently using
the file cam have the S5H ewitch set.

1f access is denled becavae one of theee rules has Leen
vinlated, the BT gtores a wvalue of %1 In  the
FILE-STATUS data-item sesaciated with the fll¢, ssauming
that +he &SELECT etatement for the file rconktains a
FILE-STATOS clauvme.,

Seta the number of retrieval pelatets In the window used
ke map wirtual block numbers to logical block numbers.
The accepteble walues range from 1 £ 102 1f  you know
exactly how many pointers arfe present on disk for the
file, or 255, which reqguests asslanment of poionters AaAs
noeded.

CAOTION
The /WI:n ewitch can cause lass af data and file

inteqrity if the eyetem crashes while a buffer
1l being filled.
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6.8 PFILE COMPATIRILITY

VAX-11 COROL-T74 programe un=e WAX-11 EMS3 to pcoess all files. In mest
cases, therolfore, your COBCL programs can read records from any file
that wee created thrauwgh {or ¢an be accessed byy  EMS: and other
RAMS-Lased programs can rcead records from filee that wvour program
CIEaten.

The ability teo read records, howevet, does pot imply & universal
phility to transfer data between programs wrltken in dAlffaropt
languages —-- ak least not withoont some special pracessing. The wost
cemnman compatibilikty issuea are differences in data types, daka record
formeta, and ape¢lal cankral chatacters Ln records that are written to
recocd-oc lented devices.

£.8.1 Data Type Differencee

Hat all data types are supported by all programming languages and all
utllities. PFor example:

s COBOL-74 doee not  support the Eleating point data  ctype.
' Thetefore, COBDL programs canonot easily process flosbing
point dats (FORTRMW real variables) in Files.

e Whkx-11 SORT doea not esuppott guedward pinacy items.

Thetcfore, problems arise in satting a4 file on a
COMPOTATICHRT, key whooe pleture 15 in the range S3(13)  Ea
ga(la).

& FORTRAN does not support the packed=decimal daka  Ewvpo.
Thecefere, COMPOTATIONAL-3 data in COBOL files cannot casily
be used by TORTHAN programs.

The fact that datz types diffece should nok keep you from transfeering
data between programs written in different languages, Yol can use Ewo
techniques ta avergome data type ioncompatibilities:

1. TUse ASCII character represactation, if possible, for all data
in filen intended for uae  agraas  languagos: LSCII
representation  [(USAGE IS DISPLAY, in COBOL} i= almast
universally recognized. ARll wAaX-1l languadges and utiliLies
supeoxrt thise data type.

2, Convert the data in vour program to a data format wou  can
uge, Even L1F  you catnot use a data type directly, you can
convetrt it ko a usanle fatm iF wou koow the specifications
for lts internal cepresentation.

Date converslas may be complex and may prevent your operating
ocn the converted daka as easlly as on a *native" data type.
Hevertheleas, convereicn le alwavs posaible. For cxample; a
FORTEAM double-precision value may have towo large a magnitude
for representation ln any COBJIL  daka . bvpe; however, &the
fraction and exponent can be represented in COBOL by two
TOMPOTATICONAL data items.

6—24 INPUT-OUTFUT FROCESESING



&,8,2 Data Receord Formatting Differences

Programming langquadges may use diffecent conventlons b0 format  Eheir
data records, c¢auaing incompatibilities in otherwisze transportable
files. For example, PORTRAN preogramé normally place a  care lage
gontrol  chegacter beforc the first data charvacker Lo o Eormatted [ile
record. Similarly, other languages could format priot—-conteolled [and
other) tecords dlfferently than COBOL doea,

You can aveoid thiz  ingompatibkbiliity, in =some cases, by oot uvsing
ptlot—-contealled flles. In PORTRAHM, for <oxample, & Flle can oe cpened
with the "CRRRIAGE CONTEROL="HCOHE'"® specification.

1€ you cannot "netrmalize" the farmat 9of a f£ile's recorcds, yau  <an
gcill read it by defiping record descripticns thak match the actual
format. For example, you can read data Erom a FPORTRAE flle that usee
carriage control by defining a one-character data ikem oefare the
firet "real™ data item in each record descrciption. Wheno you read a
record, the one-character field will contaln the carrviage cantrol
character, which your program can eicther interpret or ignore.

6.5.3% GSpeclal Control CThatacters

Some characters ln the computer charfacter set bhave Speclal meaning;
the ¢carciage return, form feed, and line feed characktecs are cxamples
of non-graphic control characters.

Contrel characters may be included in a fiie's rfecocds Dy convenkbions
for example, COBOL-74 print-conteelled recarde have a carriage return
in the byte following tine lask deka character. In otheI c&aEE&: A
progeamn  can  inadvertently ifnclude gontrel cheraghers in a record by
uging & data type other than ASCII for DISPLAY). Por example, LE wyour
progran writes COMPUTRTIONAL deka to a f1le, individual bytezs of che
Linary data could contaln conkral <harackees. conslder a  one—word
COMPOTATIONRL daka l1tem Ekhet contain= the walue 3085, which is
egulvalent to the hexadecimal walue GCOD: tzken as twd bytens, LCUD
cepregents a farm feed followee by a carriage [eturn, which could be
interpreted aa the end of a record.

6§.% 1,70 ERROR FROCESSIHG

When your program ceaches a £ile IS0 statement, the RIS begins a
comaplex  procedure  that Llnoludes 1tz own inkernal stztus checks and
Interaction wlth BMS5. I/0 excepbions can be detecked by EMS o the
ETH. Thie section briefly describes how the ErS handles excepiion
conditions and the technigues you can ose to handle I/0 oreoes,
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when yout progeam reads & Seguentially acressed file, FMS reporke a6
AT EWND condition 4o khe RTS if there are o2 more records to return.
Far 2 ratddomly eccessed File; an INVALID ¥EY condition iz reported
whenever RM3 determipez rhat the £lle does ook contain the record
specified by the vwalue of the key yaur progream eupnlied. The AT END
and IHVALED EKEY conditione are not etrrors;  v¥ou specify program action
ah those conditions in the AT EWD and IWVALID KBY clauses of 150
atatemanks,

&n I0 error 1 any other condltlon that fauges an I/0 statement to
fail.

If wour program oobtalns a USE procedute that appliies to the file for
which the IS0 operatiom failed, the KI5 performe the procedure, and it
does not display an RA3 ecror mesagage; otherwiee, itk displaya the EMB
ercot message and terminates the image.

& USE procedure can sometimes avold progtam tetminatien. Por example,
if the file stakus daka item ¢ontaline the walue "91F, which Indicatea
that the file i= locked by another process, you might decide to  try
opening the file agaln after performing other procedures,

In &kther rtazes, when program continuatiom is not de=sireble, the TEBE
procedura Can perform "houzekaeping™ operatlions that conclude
procesiing in an arderly way, by gaving data or informing the user,
for exampls,

Before the RIS performza & DEE procedure, it places & value ko the £ile
status data item, if wou epecified ame ir the file's SELECT akakement.
Mast flle status values are defined by the 1974 ANSI OOBOL  Standard:
in moet cadased, they do not provide as much information as RMS erenr
mesgaqes, IE you peed to see the BMES error mesgage for an ercocr that
wisi handled by o USE procedure, you musk recompile Bhe program wikhowk
Ehe USE procedure and run it again.

6.10 LOW=-VOLUME I/ {ACCEPT AND DISFLAY}

The COBOL language provides two skactements (ACCEPT atd DISPLATE (ot
low=volume I/0 aoperations. Usuwally, these statements transfer data to
and from a user's torminal device. In COBOL-T4, however, the ACCEPT
and DISPLAY statements refer ko VAXS/YMS logicel nemes.

Thls section discusees the association of your own mnemonlo—-pames Lo

VALAVES logical names; it continues with diacuesionas of the ACCEPT
and DISPLAY statements.
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5,10.1 Mrnemonlc=-Names [SPECIAL-NAMES Paragraph)]

The BCCEPT and DISEPLAY statements transfer data Debtween yowur  program
gnd the object of WVAXSUMS  logical namge. [f you do not u3e the
FROM/GEOY  clauses, the dofsult legical names  are CORSINEOT and
COBSCOTEUT.

The PROM/UPON clauses refer to maemonic-names thet you can define in

the SPECIAL=NAMES paragreph in the Environment plvision. You define a

mhemonic-pame by eguatiog 1t ko a Mdevice”; for example, the

following clavse eguates STATUS-REPORT to the devlce LINE-FRIMTER:
LIHE-PRINTER I3 STATUS-REPORT

¥ou could then ose the mpemonic-name im a DISFLAY ststement:

OISPLAY "Tile contains " REC=COUONT
UEoM STATOERE-REPOET.

6,10.2 Loglical Meme "Devicas"

The device names in  the SPECLAL-WAMES partagraph represent VAX/WMI
logical names:

EPECTAL-HAMES Devlce Loogical Mame
CARD=READSER CORSCARDREEADER
PolPER-TAREPE-RERDER CORSTPAPERTATEREADER
CONSOLE CORSCONSOILE
LIKE-PRINTER DOBSLIKEPRINTER
PRPER-TALPE-FUHCH COBSPAPERTEEEPUNCH

The lugical names do not necessarily cepréesent devicesa. You cowld,
for exampla, assign & logical name ta a file specification with a VHS
ASSTGM command:

BEETGHN [ALLSTATUS]STATUS.LIS COB3LINEFRINTER

Because a logical mame dose not  imply  a  device, it carries ne
implication of "open mede"; thercfote, 8 Prodrém can displey upon a
moamat ie-name  that cefers LD CARD-READER #13 accept from a
muemonic=name that rofers to LINE-PRINTEER.

In COROL, the ACCEPT and DISPLAY statements do  not refer Lo
file-nemes; rherefora, the concepts of apening and closing f£iles do
bat apply. Howewvet, the KIS uses RMS for all I/0 operatianc.,
incinding ACCEPT apnd DISPL&Y. The RTS therefore implicicly "opene" a
logical name when it ie first used in an ACCEPT or DISPLAE Btatemant
it &ny COBOL module in khe image.
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HOTE

When the ®TS opens g logleal name for a
LISPLAY statement, it a&pecifies the
vatrlable with fixed-length cankrol [YFC)
format to alleow cacciage caonkrol: the
RTZ doee not wse VPC Farmat when it
openg & logical name for an RCCEDRT
etatement. Thoe record foremat attribote
ie wuged far gll cooeratione until the
lfage terminates; therefore, 1if your
program conktaing bokh ACCEPT and DISPLAY
Erztements  tiat refer to the aama
logical name , it 9hould execute a
DISPLAY  before the  first  ACCEPT,
Otherwise, DISPLAY atatemenkt carciage
contral will be last; all LizpLa
Etatements will cerecutke as if  they
contained the WITH N0 AOVANCING rhrase.

This condition does not occur  when  you
u=e ACCEPT and DISELL&Y agtetrements
withaut the FROMATTEON clauses the
statements refer +to different loagicel
nam2g (COBFINFUT and COBSOUTEODT) .

B.10.3 ACCEPT Statemenk

Format 1 of the ACTEPT statement transfers small amountz of dats  Trom
the object of a VAX/VMS logicel neme to a data item. If wou do naoL
uag the TROM clause, the RTS uees the logical neme COBSINEDT;
agtherwiae, jt uses the logical name {xplied by the key word im the
SPECIAL-MAMES paragtaph that is referred to by the #nemonic-nzme io
the ACCEPT statement. In the fellewing example, the BRBTS uses
COBSCONGOLE:

EPECIAL-NAMES.
CONEOLE I8 WHRTS-HIS-HAME

FEOCEDTRE DIWVISION.

ACCEPT PARAMETER-AFRER FPROM WHATS-NTS5-HAME.
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G.10.4 DISPLAY Statement

“he DISPLAY statement transefers thé ¢onktenta of data 1tems and
litarals +to the ohject of a VAX/VYMS logical namec. I£ you do not use
the DPOM clavse, the RTS n=Ze= the logical name COBACUTPUT; otherwiee,
it yses the logical name implied by the key word in the SPECIAL-NRMES
paragraph that ls referred to by the mnemonic-name dp the DISELAY
statement. In the Eollowing example, rthe RT5 uses COBSLINEPHINTER:

SPECILAL-HNAMES.
LINE=FRINTER IS5 TREOR-LIG

PROCEDRURE DIVISION.

DISPLAY EREROR-COUKT, ™ phase 2 ecrors, ",
EREOR-M3Z UPCH EREROE-LOG.

for the DLGPLAY statement, the RTS uzez the variable wlth fixed-length
cantral record format.
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CHMNPTER T

Go0D PROGROMMIMNG D'RACTICES

7.1 FORMATTING THE SUURCE FROGRANM

Zince moet COEDL programs are usually long, the programmer needs
technigues that will help hix to simplify and improve the readapiliky
of hia COBOL prugrams. The guldelines in this chapter, 1f Tallowed,
wlll help produce spurce programs that are easy bto read and mainbtaim.

Before coneidering these guidelines, congider the reference formats
that are avallable with VAX-11 COBOL-T4:

1. The Conventional (ANS} format.
2, The Tarminsl Cormak,

Although the Conventional format producez ANS compatible programs, it
aleoc produces eautce prinkouta that are spmewkat more clottered than
thoae produced by the Terminal format. These guidelines, theceforce,
recommend the wse of Termlnal fotmat and all of the fallowing
suggestions and examplcs assume the use of that lormat, Beaides Lhe
chvious advantage of an vhclukkered privkoeut, the Terminal format has
ather programming adwanktages:

l. It reguires le=s gtorage ared.
2. It requires no line numbers.
3. Ita atatements may bes aligned witkh tab charactera.
Further, whenever required, the REFODEMAT wtility program will conwvert

Termlnal Eormat programs ta tEhe Conventional format. (The REFORMAT
utllikcy program i=s discussed in Chapter 4}.



The fellowing suggesticns should help to further esimplify even the
mest complicated saurce progrems,

1., Beagin division, section, snd paragraph wBames in ecolomn 1.
Althouogh +heee namas mavy start anywhere in &Area A, aligning
them ie ¢alumn ' praduces a much more readable ligking, wWhen
regulred, place the * and - in colums 1. [(Celumn 1 then
becames calumn 0.

2. Insert 5 olank line, orf one or more comment lines (describing
the purpoze af the File) beioce each SELECT statement in the
FILE=CONTROL. patragtaph., Place the phrasesz of the SELECT
gkakement on separate lines and begin each of them in coluamn
5 [uee the btalr character to skip aver Area Al. Ceonsider the
follnwing 1lluzkration of & typical SELECT etatement:

LEEA M AREA B

1. .. S5 4 o w4 a
SELECT MESTHER-EILE
AS5IGN TO "DBl: ™
ORGANIEARTION IS RELATIVE
ACCEESR TS SRQUENTIAL.

3. Flace the phrases af +the file description skatement an
separakte  lines and begin e&ch of them in colomn 5. ({0se the
tab to ekip over Ates A.] Consider the following illustratian
of a typicel Mile description entoy:

AREA N LEEAR B
1. .. T
FO MASTER-FLLE

LABEL REECORDS ARE GTAHDRED
VALDE OOF T} IS MASTER-FILFE-NAME
DATA RTOCRELD IS5 MASTEER-BECORD.

§. 1In both the File and wWorking-Storage Sections, begin all 01
level items in column 1.

Indent, by Eour colemns, all subordinate icems with
higher-valued level numbers. {Por example, if the item thak
ig suberdinate tp a Gl-level record deseription is D8, begin
the record description lowel aumber in eolumn 1 and the 06
Ievel numbet in ¢olumns S5.) Use the tab echaracter far the
first indentation, & tab &snd four spaces for the second, two
baizs For the third, =tc. %wWhen indented ln this maonec, kthe
listing will show, clearly @nd peatly, the hieracchical
relatianships aof gll of the data names in the program az well
ae their lewel nombker valuee.

Increment level aumbeors by 5; then 1later, if i1t becomes
necessary to  inesrt  addlkclonal group items, they may be
inserted withgut having to change the lewel numberz aof all
ftems that are eubordinate to that group.
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Tf deeired, write the level pumbers aa single digite (such as
l instead of 0l}.

Uee level number 0l instesad <f 77 in the ‘wWorking-Starage
Fection. {77, as a level number has the eame meaning &% 0],
grd 77 may eventually Le ocmltted from the CGBCL etandard.)

Since 8ll elementary items, eXcept for index data items,
reguire FPICTURE clauses; these clavess £ill a good parkt of
the zource program lisking. However, the PICTODRE +olause
ireelf may be simplified to enhance the listing's readability
as focllaws:

a. 0Oge PIC &5 ap abbrevlation for PTUTURE.
k. 0Omit the noizeward IS.

2. Align the PIC clauses on sucecssive lines.  (Ifse the E&ao
character ko allagm tho clauses.}

Fut all paragraph name declarations in the Procedure Division
ann llne= as=parate from the stakements Lo the paragraph. This
not only makes the program mare  readable, it also makes
modification of the [lrst statement in the paragraph easier.

Follow all impecative statements with a period, making them
l=statement sentences. Flace anly one statement on a lipe.
In additlon ko making the iines shecter and mare  roadable,
thie will prove «quite helplful when debugging the program.
Far exemple, if the program conktalbs a coding errar, it will
e on one line and therofore sasier to modify withouok
pffecting the otner pactlons af the sentence; furthec, the
Aiegnostic messages will refer ko the correct line and thelr
meanings will be clearar.

Since left-allgrned atatements in  any zrogram  cnharge  the
readabiliey of that prooras, develop the habit of starting
all COBOL sentences in column 5. (Lse the tab charagter to
skin over Atea MA.) Some Etatements, howewetr, should be
Further indented, as explaiped 1n the fellaowing paragraphs.

1f rhe true path of a conditional statement conkalns  another
candltlaonal sStetement or maore than one lmpetebive atatement,
place all =tatements in the tcue pakh on lines immediately
fallowlng the conditiaonal sktakement and indent them to show
thelr dependence opon that statement. Conzider the followlng
illustration of an IF stakement and its true path:

IF COMPUTED-TRX > TAE-LIMIT
SUBTRAT TAK=LIMIT FROM COMPOTED-TRX GIVTHG EXCEZS=TAR
MOVE TAX-ERIMTT TC COMBUTED-TRE
ADD EXCESS-TAX TO TOATAL-LXCESHE-ThI.

If the =statement has an ELSE (9r lalse) path, align the wocd

BELSE under the precedirg IF and indent all Statementa that
are dapandent on Lhe ELSE atatement.

GOO0 PROGRAMMING PRADTICES  7-3



Thusg:

IF candltian
truse path ekesiement
true path statement
ELSE
falee path statemsnk
falee path statemank.

Be eure to place the perlod after the 1last statement onlyl

dnother good method for eimplifying conditlopals 13 b0 write
only a single imperative atatement Ln the troe or falee pakh.
If the path requires more Statements, place them in &
sepatate paragraph and either PERFOEM the parageaph from the
path or &0 to it., This bechnlgue aveids the posaibility of
inadvertently placing a peried at the end of a statement
within the path, thereby terminating it prematurcly.

When wrikdng g G2 TO ... DEPEMDING statemenkt, placoe each
procedure name on @  Scoatate line and  indenk them all.
Congider the readability cf the feollowino fample sktatement:

Lo TO P35
Pdq
P45
P&
PAS
DEPEMDING OM P=SWI1TTH.

B. When grouping statemente into paragrapns and =sections, ume
the Following organizational 1dcas:

SLCeup together logical vueits of processing inta a sgection,
Select a @ection name that reflects the type of processing
belng conducted within ehat zecticon (such as TAX-COMPUTATION
SECTICH, FPREINT-LINCG-FOBMATTER SECTIUN, =&to.), Follaw the
gection name wlith sofficient comment Llimes to explain  the
pracessing thak is carried our by the sktateneats wlthin that
section.

Weke pacagraph namee &2 ahorkt and sSimple as  possible. &
numbered abbreviation of the sectlon name often suffices.
Thue the pacragraph names in the TAX-COMPUTATION =ection might
be TC10, T3¢, TC30, ets. Use paragraph names sparingly,
tlacing them only where +the true and £alse patha of
conditional astatemente requite hranch points for GO TO
atatements, If the temptation arisezs ta glve g paragraph a
leonger name in an attempt to refleck kthe type of proceesing
in that paragtaph, usc comment lines instead, (Comment lincs
usuwally conwvey more Information, more cleatly.)

When using simple numbeted paragraph names, assign inecrea=ing
numeric rcharactersa to seguential parageaphs. If the nomeric
portion of the neme= inoreases by 5 or 10, new ones may be
ingerted later without disturbing the seguence of the names.
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Dz not use the PRREFOEM werb in the form, PERFOREM & THRU b.
If the paragraphs a theu b muat be pecfarmed, place them in a

gection by themselves and PORFORN the section, thoa aveiding
the use of the THEU aptian.

Place 5ingle paragraphs  that are to be performed into
sectione and wse the secklon name as the sbject aof PRERTORM
vecbs., Then, if future design changes introduce complicated
conditional logic iete the paragraph, requirimg additianal
paro3jrapn names, the PERFIORM etatements need nokt be altered.

The preceding guldelipes divide the Pragedure Divlslon inko
modular  blocks of coding, TP these guidelines are ueed, the
Faliowlng additional technigues may be applied.

&, PRoesktrict enktey to all sgections  throwugh the first
Statement of che section by uee of a GO TO, a PERFORM, or
& "fall throuoh™ from the preceding section.

. Ensure that all &0 TO statementa rafer Eo only eection
names 4ot paragraph names that are lnternal to che Bection
cankalaing the GJ TD statement.

T.2 USE OF PUNCTIARTION

Avold using the COBOL punctumstion characters, comma and semlcolon.
They lend 1little to the readability of programs that have their
gtatements neatly aligned, a8 discussed earlier in thiz  chapter.
Further, 1t i% guike easy to misuse'thesze ¢hatacters, which can cauee
sericus errars for many compllers. {Ocher compilere elther fgnore
incorrect puncktuatien charackters or flag them with warning messages.}
At best, even when used ¢correctly and in the praper placesa, they have
ne effect on the meaning of the program,

7.3 TSE OF THE BALTER STATEMENT

Avoid using the ALTER statement to change the flow of caontrol 1m g
Program. 1t is impo=zgible t9  test the setting of an alterpble GO
etetemont oicept by executing 1t. Alga, unless explicit comments
BCCOnpany an alterable G0 ststement, 1t i% difficult to tell whether
ar not it is referenced by ALTER skatements or what Ehe posalb]le
destinaticns might be, 211 of this makes debogging pragrame that
aontain  these atatements guite Jdifflcglt. There are two ather
technigques thakt may be used Lln thelr place:

1. If control beanches one 9f twe ways (f.e., &8 bBinary gwikchl,

wrike the sSwitech as & condicional wariakle, Con=zider tha
fullowing gample coding:
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11 P-SWITCH PIC 59 COMF WALUE &.
86 BO=-PRINT WALUE 1.

MOVE 1 TO P-BWITCH

IF HO-FRINT GO TO B40.

Fdi}.
MOYVT 0 0 T0 B-5WITCH.

7. If contrel branches more than two ways, use MOVE sktatements
to place inkegers icte & data item, and a GO0 T ...
OEPENDLHG ... &Statement .o test ktke dJate item and branch
accordingly. Caneider the [eollowing seample coding:

01 P-SWITCH PLC 59949 COMP WALTE O,

MOVE 1 Q0 D-SWITCH
MOVE 3 TG P-SWITCH.

S0 Ta
rorT=TIME
PIECE-WORE
BOURELY
SALARIBD-WREELY
SALARTEO-OTHER
DEFPENDIMNG UM EF=SWITCH.
+* PALLTHROODGH IS & BLDG
NISPLAY "7?17".
STOF EUN.

7.4 U0SE OF THE PERFOERM STRTEMERT

Tne genecal rules for the PERFORM statemenk are augmented with the
following rulee:

1. The cndpaint of s sectlon snd the endpoint of the last
paradtaph  in the sane section are twoe diseinct gointe. This
means thab it is possible to exegues a3 PERFOBRM  of  the
pection, then while that PRRFORM iz stlll active, to execute
a PERFORM nf the last paragraph.

2. 0On the statt of a PERFORM, if the <nd point of the new
PERFOMM is the =nd point of an &slteady active PERFORM. the
ETS abar%e the taak and i=sues an ercec meogdage.
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i, &t the end of any proagcedprs; & check 13 mede ko see 1 the
procedure haing ebded i1z the end of the Mast fecent PERFORK
range, I 20, the most recent PERFCRM range i exited. If
not, Ethe end point of the most recene pracedure ia checked
against the end point of all carrently active PERFORME. If
the end point of the precedure is the end point of any
currently active PERFORM range, the RTE issuee &N errar
medsagqe and aborts  the task because the perform canges adce
not being exited in the reverse of the order in which thkey
wotre efterod.

HOTE

The RTS artor messages arg discusaed  In
Chapter 10.

7.% OUSE OF LEVEL-2R CONDITION-HLMES

Conditlap-pames provide & convenlent methed for testing a  walue oc
range of wvalues in a field. The use of condition-names mekes progremo
epsier ko meilntain, becazogee it engores & uplform  wmethed ol Eestlng
fi=elde and helpe to reduce recoding when Lhe specifications of the
program change.

The following example illustrates the use of conditivn—names and Shows
the advantages Inkerant In thedir use.

Suppoese the rtecorda of a file each describs a ztudent in an
educatlional Institubion (or an emplaves in 2 corperakion). Scme of
the records contain categories ©f lnformation which are not present in
other recarde, A "ecopdae" field, which conbkalinz a2 digit or lLefter,
indicates the presence [or type} of EoEe catengories; while a special
value ip  the information itself {(such as a numeric value bDeind zero,
tegative; or magimum) indicates the pregsence of other categecics.  The
proceazing of such & record may vary conaiderably depending on these
indicatar Flelda, Tne field=s mey require interrogatian atbt  wvariocus
painte in Lkthe program, and the interrogation may reguirs more than a
simple reliaticn tEest.

Consider a "code" £ield that holde one of seven waluss, caoded a3a a
finemonic character. For example, 5,1,2,3,4,3,F cight be seven wvalues
that indicate student categories of Special, lst year, Znd year, 3Ird
year, dch year, Graduate, and Pastgradpste, The {121d iz described as
foliows:

{5 STUCENT-CATEGRCEY BIC X,
Program logic reguires certain processing for encolled undergraduakes,

different processing for  special students, and  stlll Jdifferent
procegzing for all ewudents axcept enrclled undergredyatas,
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Without Ehe aid of condltiop-temes, statements might be wrltken as
followd to resolwve thls problem:

IF STUDENT-CATEGORY = “&8" ...

IF STUDENT-CATEGORY WOT LES3 THAN "1
IF STUDENT-CATEGORY WOT GREATRER TIAN "d4" ...

IF STULRENT-CATEGORY BQUAT, TO "GE" MEKT SENTEHCE
ELET TF STUDENT=CLTESORY BOOAL T Hp"
HEXT SENTENLCE RILSE G0 TD ...

However, if various level &8 enkrigs follow the STUDBNT-CATRGOERY
description, as shown below, condition—npames can fimplify this coding.

5 STURENT-CATEGORY EBIC X
Hg DWIERGRADUATE wa&LUOF ™"1" THRT *4". '
HE SPECTAL—ETIDENT vaLUE "5".
HE GRAD-STLHDENT WALOE "G* "p®.
A8 SENIOR VALUE =4=.
g8 NON-NEGREE-STUOENT WRLOE ®*g5* "p'".

How, the following procedural statemenks ¢an aolve the problem:

IF SFECLAL-STUOLEHT ...
IF UNDERGRAIMIARTE . ..
IF GRAO=STOREAT ...

Pracedyral stebkements with cenditicn—-names are much easisr to read and
dabug  than those containing the complete test. For example. the
ptocedural etatements, IF UMDERGRADUATE ..., and IF OSTUDEHT-CATEGORY
HNOT LESS THAM "1" TF STODENT-CATEGOREY NOT GRERTER THAW "4 both

accomplish the same thing, bBukt the firer statement is simpler and Jess
confusing.

In addition, the scactement, IF HOT UMDERGRADOMTE ... can  test  Ehoe

category of not being an undergraduake, which is eguivalent to aby ane
af the Followlng statements:

IF HOT (STUDENT-CATEGORY HOT < "1" AND
ETDENT=CATEGCRY WOT > ™47, ...

oT

1F STUDENT-CATEGORY < "1" OR
STUBENT-CRTEGORY > "4

or
IF STUDENT-LCATESCORY < "1™ HEXT SENTEHCE

ELZE IF STUDEBYT-CATESORY > "4 NEXT SERTEWNCT
ELGE GO0 TO ...

Statements such as theee are tedions to write and & frecuent source of
coding ecrars. Further, if a chapge creates a new student categary,
the recoding takes more time and 18 over MoTe EIEOE DIORE.

7= ZOOB PROGELMMING PRACTICEE



A careful and eanttolled vae of cenditlon-namea forces & higher degree
cf programming <ontrol  sed  checkouk. 1f the pragram logic dees
reguire the medificatien of the STUDENT-CATEGORY field, it can even be
named  FILLER thus remeviog +the aoppeortonity o shorteot the use of
capdltlop-names.

T aoplv conditiop-snames, folleow the description of ke icem to b
reated with a level 8B enkry. The itesm being tesked, known as the
conditional variable {ETUCENT-CATESORY in the preceding
illustraticnsy, may be either DISPLAY ar COMPUTATIOHAL usage, put not
INDEX psage; 1k may alsw be a group Item.

The compiler stares all of the valuee supplied by the level &8 enttries
in the object progcam exactly as written. ([They oace pooled with all
of the literals frum the Procedure Dlvision.) A walue supplied by a
level EB& entry for & conditional varisble of COMPUTATIONAL usage is
stored in hinacy format to save convereion at run time. The compldler
etaraa  all obher walues as kyie sStrings with the proper atkributes.
It deoes not  make  the level  &H entries  equal ka rheirc
conditional-wvariables in &lze, This mears that 1% neither truncabes
nog pads [with spaces) non-nomerle likerals. Furthoy, it mneither
trusncatea nor pada (with zeros) numeric literals, bukt atores them as
written or, if converted ko bimary, in the mlnimum size COMPB ikem that
will nold the converted walue. It skpres gigna as  trailing
overpunches on numeric DISPLAY literals, and removes and rerembhers
decimal palnts.

Oo not enter level 88 items uwader araup items that bhave subordinake
enkries conkaining any of the £ollowlng claunses: EYHNCARNIZIED,
JUSTIFIEDR, CCMPUTATIONAL, THDEX,

7.6 UiE OF QUALIFPIED REFERENLCES

7.6.1 Quelified Dats Befearences

The ¢CBCL  language provides facllities to defipne and  reference
user-defined data items. Data jtema are programmer—-defined variables
declared In the Data RNivision of a CORAL program. guch wariables
inclode, among othecs, flle record deseriptblans ard internal working
areas. These data Ltems are processoed by procedural  statements such
a5 the WRITE, MOVE, and ADD statements. Frocedural operations an
these deta are facilitated through references to  the daka  1tema by
Namne .
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For example, to update a wvariable, ¥TD-GHOISS-PAY, by & weekly groes
pay amount HEERLY-GROES, write khe program ltagment shown in Figure

-1,

WOEKINE«3TORAGE SECTION,
11 ¥TL—-GROS5-PAY FIC 3(5)W53.
01 WEEELY-GROSE FPIC 453743,

LOD WEEKLY-GRUSE TO YTD=-GROSI=-PAY.

Figure 7-1
Ohgualified Takta Item Reference

In this example, YTD-GRCSS5-PAY and WEEELY-GRDSE are .defined inm the
Working Storade Soccklion of the Daka Nivisien ae COBOL warisklea with a
level pumbee af Ol.  The vatlable ropeesonting bhe "year-to-date Qross
Day {YTO-GROSS=-PAY)" i3 computed by incrementing its present wvalue by
the "wockly yross pay (WEEHRLY-CBOSE)" amcunk thtough reference to the
apurape iate data items io the ADD staktement. EREefereaces are made €0
khe daka leems by Lhe singular, wngualifled names of ¥YTD=GROSE=PLAY and
WEEKLY =5R055, Since YTD=-GEROS5-BAY and WEEKLY-GERDSS are defimed with
level numbers al 01 in the Worklpg Storsge  Secklon, these warlables
muakt be onigue in Lhelr spelling and,; hence, can only be referenced by
the spelling of =2ach data item's name witheut any COBOL gualificakbion.

The example in FPFigure 7-1 i artificizl because the data item
representing  the “year-to-date gross says iz defined as & level 1
varigble 1In  Lkhe Working Storage Seotlon. Miorc reallstically,
TTD-GROES-PAY im defined e B flald within an employes payroll recard
residing own ao external master pavroll file. The proeess of updating
tke ‘“"year-ta-dakte gross pay™ by a "weekly groes pay™ amcunkt is shown
moee appcopriskely In Floute 7-2.

e

FILE SECTION.
TD MLETER-TW
LABEL RECQED 15 STAMDARD
VELOE OF ID I[5 "MASTER.POY"™,
01 E&Y-RECORD.

03 HAME BIC E(3d).
3 RMPLOVERE-YD BIC Dby,
03 ¥YTD=-GROES=-FPAY PIC 9(G5)VHE.
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FO MASTER-OOT
LABEL RECORD IS STRKDARD
VALDE OF ID I5 "MASTEE.PAY".
01 PAY-RECORD.
03 HAME BIC %(310).
33 EMPLOYEE-HG PIZ 2{9).
03 YTO=-GROSS5-PRY PIC F{51W09.

ﬁnRRIMG—ETﬂRhGE SECTIOH.
0l WEEKLY-GROSS EFIC 299709,

FPROCEDTRE DIVISTOHM.

IHIT.
DPEW INFPIT MASTER-IN.
QPFEN OUTFUOT MRSTER-OUT.

ADD WEEREY-GROS3, ¥TOD-GRISS5-PAY COF MASTER-TH
GTVING ¥TU-SRISS-FPAY OF MASTER-OOT.

Figuce ¥-12
fuallfled Deta Item BaFerchice

In this example, YTO-GROSS-PaY is defined eps a field in both the 1npat
and output record deacriptions. Thare are twd Socparste daca i1tems
whoze spellings ace identical.

To teference each data iftem, it is necessary to gualify the name of
each dets ikem with sufflcient informatlon to constitute a unigue
reference. Thui; to teference the "year-to-date grass way™ amounk im
the cutput record, we wrlte "YTO-GROSS-PAY OF MASTER-CUTT wicto ench a
reference ie called a gualified referencae. The filename MRSTER-OUT ib
functioning af 4 gualifier in the reference. The reserved word "OFY
iz the gualificatlon comnector and may be used interchangeabely with
the reserved word "IN® in this conktext, Anocther way of refersncing
the mame data Lltem ie to wrlite "YTOD=GROSS-PAY OF PaY-RECORD Th
MLSTER—OUT®. This referenee 13 ralled & completely guallfied
reference beoause all poesible gualifiera are specified in the
referance. A raference of the Form "YTO-GREES-PAY™ or "¥YTD-GROES-FPAY
OF PAY-RECORD™ is illegal since it does nokt uniguely identlfy which of
the kwa daka itema is desired. Such a referepce iz boymad an
anhlguows reference.

In the area of daka item definltion and referancing, COBAL  is uelike
ather langusges such as PORTAAN and ALGOL 60, While PORTRAN requires
each datp item to have & unigue name {(i.c., o two daca [tems may have
a name of identical =pelling] , COBOL relaxes this reguirement to bhe
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extant that each data ltem nosk be unlguely reforable. Tiat is,  Ewno
of mote data ltema maey have theic namee spelled identically, buz there
nust exiskt a way ko reference eazn distinect data item. Thus, thete isg
a dletlection becween a data LEem and  iks  name, tentral ko
undarstanding this diatinetion ip understanding the concepk ol  Lhigue
referainility.

The functlenzslitles ol date feem dellaiticon and ceferonging may  bBe
understond by stating  three guildelinee which relate the coacspke ol
data lkem delfinikion, cefrcence formet, and anique: referahil iey.

7.6.3 Guidelipes 1 (Bakta Item Bgpfinition)

Emzh data item has 5 name. Each name i ilmmediately precedad by an
agecclaked p&Eitiw: irteger called its lewal nombar., B oname gsikthor
tefars to an slementary lten or elae 1t 1la bhe name of a groop of ooe
ot more liema whoze dsme=3 follew. En the lattrce casr, each item in
Lhe aroup MUEEL have the game level nenbec, whizh must be grester Enan
the level number of cthe geoup 1ltenm.

TvEB.3 Guldeline 2 (Acfocence Formak)

Data-nane gualification is performed by [followlag a data-pname  ac
conpditlan—naome Dy oae or mors phrases of a gqualifier preceded by IN oF
LF. TN gnd QF ara logieally eguivalent, The <eaeral  Eotimat of =&
gualified recefResnee Eo an  elementary lkem or group of LEem: nmced
"mame=0" ia given ir Floure 7-3.

name-0 OF name-1. . .3¢F nanep-m

Figure T-1
Genertal Format of & Qualified Data Felersnce

where m 2= 0 and wherr, for [ <= § £ m; name-j is the nane 4of sane
lt=i conkained diceckly or¢ Llrdicectly within o group item named
"mama=]+1". & reference of the torm given iln Flguore 7-3 la called &
[prctially] gualified rcefreenpoe with name-1,name-2, ... ,nome-m being
called gualitlers. Such 4 feference ig tecmed a cowpletoly guoalified
coeferpnee If "name—i+l" is the father af name-3 for 0 <= 3 {= n-1.

Ith khe hlesaechy of gualificakion, aames associnted with an 7D
inmdicaktor aec the w@ost significant, then the names gssaciated with
lergl-numhgt i1, then nanes msaoclated wikh level=penber U2, ...,49.
The most sigaificant name in She hierarchy must be unigue snd canmet
ba caualified, subecripied or dndexed datas-namee, unavkace lpked
date-pnames and condizian rariablen way ba made unigue by
quallificakion. The name of & copdition waciable can be psed as @
gualifier for any of its conditian-names,
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Encugh gqualification must be mentioned to make the reference untgue:
however, it may not be pecessary to mention all levels of the
higrarchy asa the example in Pigqure T-2 demonatreskes.

T:.6:4 Guideline 3 [(Unique Referabllity)

1f more than one data ltem 1= defined with the same name "oame-0",
theyes must he a way to refer ta reach ude of the name by using
gualifiratien. That 13, cech definition of "name—0" must he wnlguely
referable. & data item ls ublquely referable if the complete Set of
qualifiecs for the deta item are oot identical bte any partial
(including complete] set of gualifiere for ancther data item.

7.6.5 Qualified Procedure Btatements

The facrility of gualification may be applied to pracedure references.
A pracedure mame 1a either & paragraph or &S¢ctlor name. By
definiticn, a paragragh pame 15 unlgue only within a sactlon
conkalning thne parageaph while, on the other hand, section names must
ke uvnigue within a COBOL pregeam. The general format of a gualified
procedute referenge 1g ahown in Figure 7-4.

patagraph-pame OF eection-name

Figure 7-=4
General Format of & Qoalified Procedure Referepon

B paragraph namec may be gqualified by its containing sectlaon name; a
section name may never be guallfied in a procedure ceference. When &
paragraph name 13 referenced without an explicit =ectlon name
qualifier, the paragrapk name fa implicitly gqualified by tha
apprapriate eection name.

IE & patagraph name iz unique withier a COBOL sragoam e i= not
negeasary to gualify the paragraph name 1n the pracedure reference.
Finally, if a paragraph nam¢ 13 not vuaigue within a COBIOL program, the
paragtaph mame moest he gqualified in a procedure reference when the
refarapnce 18 made gut=slde of the sectian which vontalios the satagraph.

7-6.6 Qualification and Compiler Performance

Juallficatlon 13 a powetful lenguage facility for the dewvelopment of

COBOL  pIogtams. vzed wisely, it incteases the readability of COBOL
prodrams. Howewar, the user pays a price for wtillzatlonm of rchis
facility Iin termsz af & slower compilation rate (1.e., COBOL apurce

lipes per unit af time).
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Qualification requires a cree-zscroctured symbol table at compile-time.
The Eime requlred for building and logking up on & beeo-Struckared
eymbel btable 18 considerably longer than for & Aog-teee-Structuraod
Symbol table. This Eranslates lnto a deoneral degradatiaon of compiler
perfocrmance. If gualification is not employed in a program  complled
by the VAX-11 COBOL-74 compiler, compilaticon speed Is not affccked.

Howewver, when gualification 13 used, the compilation rete slowe down
due to the addicional sy=tem ovechead.

In general, iF there are deeper levels of gqualification, there will ke
a 4alower ceompilation, This ia cspeclally =0 at the end of the Data
Divizieon text where doplicate daba-name declarations are detected by

the compller. Fun-~time perfarmance iz wok aFfested by gzadge of the
gualification facility.
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CHADPTEER H

REFPORMAT TWTILITY EFROGRLM

VAX-11l COBOL-74 &fcepts soutce pragrams thab wore codod using elither
the conventional Ed=calumn  card referspeca format ar the shortar,
terminal=priented VAX~1ll coool termipal formak. The REFORMAT utility
Frogram reade sSoutce programs that were coded in the tcerminal farmak
and converte thnem to BEQ-colomn conventional format Eource  pragrams,
The VAE=11l COBOL Language Reference Manual discusses both formats 1n
detail.

Consider the twoe Farmats:

¢ The bteemival Formatk 1a deslgned far emge aof p2e with  text
editars canktralled frem an an-line console keyvboard and i=
compalkihle For woe with the WAX=11 gystem. It eliminakes the
line=pumber and identification fields and allows horizental
tab characters and shert lipes.

# The conventional Farmak pPECduses  SoLEea PEoSramns thak are
compaklhle with the refszrence formak of ather CGEOL compilers

thraughout tho Industey.

EEFCREMAT leks vyou wroite soucce pEodrams ic the torminal format; then,
1f rcompatibility 1z ever rfegulred £or aoy ol those programs, it
provides a slople metnod for coenversion o the canventional formalk.

REFGRMAT follows the following steps to expand each line of terminal
format coding to the cenventional format:

& It genetakbes a f—character 1ipe pumber of 000016, olaces bhat
numaet in  the first gix character positians of the lipe, and
inceeases it by 090010 £5r each supsegquent line.

@ It places any contlavatlon or commaett symbols (—.*, ar ) into
charackter paositicen 7.

@ It placezs the ecpding from the termipal format 1ine into
character positicons B-712, thereby creating & line of
canventional format coding.

&« Tt replaces any horlzontal tabs with the appropriate numbar of

spate characters to simulakte tab stops at character positions
5, 13, 21, 2%, 37, 45, 53, B1, and &8 of the terminal forma:c
line.

& It moves Bpaces inta any character poeitiona left between the
last character of ceding and <characker position 73.



® It mlaces either identificstian characters {if thay were
gupplied at pregram initialization) or spaces into characeer
positiong Fi-80.

® Ib right justifiesa (at pogitiocn 72} Ehe firet line af g

conbinucd non-numerie literal, thus guoaranteeing  +thak Eha
literal will remain the Some length ae it was in the delfault
Farmak.

# TIL vight justifies (at pasition 72} the Flrst part of any
COROL word that is split owver two lines.

# It createz & limg containing a slash () in poeition 7 and
Spave charackters in peeitione B through 73 for every form-feed
characker thalk it enrcounters.

REFOEMAT Command String

Te tun BEFOBMAT, enter the Lollowing command:
KCR REFM

This rcauses REFORMAT to  begin execotion. REFORMAT  immediataly
requeata  toe [lie specifications for the twe Files [inpur and output)
Lz be procezeed. In rcesponse to its srampting messages, type in the
file specifications for your two files.

EEM-~IHNEOT FILE SEEC:
EFM-QOTPIT EILE SPEC:

Woen the syetem haz suvcessfully opened both Files, REFOEMAT types the
following vyoquest for an identification entey in columne 73 thrawgh
Bd. If wou defire an identificekion entey, type in fram ome ta  efght
charactera. REFQRMART places these characters, left juscified, in
columns 73 thecoogh B0 of each oobput line. If no entry is  reguired,
E¥pr & carriage return,

FFM-ZG0LS T3 TO Ao

Tellowing this response, RRFOBMAT reads the input file and writes Lt
A% BO0-character records, In conventional reference formak.

When it has proceseed the last record ln the file, EEFOBRMAT  Algplays
the following wnessages: the first indicating the number (nonen) of
output recards produced and the second regueskting another input File,

EFM-nnnann LINES PROCESSED,
REM-THPTUT FILE SPEC:

1f£ theare iz another £ile to be refarmatted, folleow the same seguence

with the spog¢lfications for the next file, IF not, type CTHLAE to
terminate execution.
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REFORMAT Error Meassages

TE any aof the responses ko the prompting messages  contain  deteckable
errots, REPCEMAT displays the following aesgages indicating the
problem.

RFM-EREOE 1M CRPEWING INEOT TITLE
EFM-TEY AGATH
EFM=INEIT FILE SPED:

The system could not oper the inpot £ile. Either the file 1is nat
present  on  thoe device specified (the default device is SYGEDISK) or
tne file name is typed Lkcorrectly. The usuwal I/0 error messages
precede thls message.

Ta continne processipng that File, examine the input file spec and bype
in & corrected versglan, To process another file, type in a new input
file specification, Te terminate cxecutlen, type CTRL/E.

REFM-EHIOR IW QPENING QUTPUT FILE
REM-TEY AGAIM
EFM-COTEIT FTLE SPEC:

The svatem could cot cren the cutput £Llle, An ingorrectly typed file
epecification wusually causes thia error. [The default device 1=
S¥550I5K.Y Tne wusual IS0 ecvor me3asages precede thils message. To
continur, examine rthe ootpor file specificetion and type in a
cortecknd verzion. To terminate execckliaon, bype CTRLAE.

REM-INFOT EBILE IS EMETY
RFM-INFOT [FIIT SPEC:

The system successkally apened the input  file, buk the firsc READ
etabtement encountered che AT ERD copditlon.

To continue, tvpe in a new inpuet Eile speclficakion for anocher file.
T termlrate execution, type CTRLAR.

REM=zERORE I[N READIHG IMPOT FILE
RFM-IWPTT FILE SPEC:

The firat attempt to read the lnput £ile wae unsucceasful. Thils errar
iz uvspally caused by an input record length exceedino BE charagters.
(lthough terminal format records should not exceed 6% charsckers  in
length, REPOEMAT provides a2 recerd area of 6 cherackers and igneores
the righk-most iU charactere.)

Te coptinue, type lr a new input file speciFlcation for another £ile.
To tecclnace crecutlan, type CTRLAE.

RFM—-EREOR IN READING IWPUT FILE
RFM-REEFCEMATTING REOLTED
EFM-ninnipn LTNES PROCESSEL
RFM-THEDT FILE SEHEC:
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While reading input recorde {other than the first record), REFOBRMAT
was wunsucceeaful ic an attempt to read & recard. It terminaktes
execntion amd clogeg both filee.

To ptocess another file, tvpe In & new lnpur file epecification ~and
continue with the pcompbing message sequence. To terminate execublorn,
Eype CTREL/Z.

EFM<-ERROR 1IN WRITINE OUTENT FLLE
EFM=REFORMATTING ABORTED
EFM-nnonon LIWES PROCESSED
EFM-INP0T EILE SPEC:

REFOBRMAT was unsuccessful Iin an aktempt to write an output record. It
terminegtes excocutlon and <¢loses poth filles.

To procees anobther flle, eype 1n & new input £ile specification and

contimue with the prompting megsage sequence. To terminate execution,
type CTRLASZ.
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CHLPTER 4

DEROGGLGING COBCL FROGRAMSG

Debugying is the proceszs of {inding and correctinrg arroraz in  programs
that have been Buccessafully complicd and linked. LIn ecre cases, you
need to debug a program because it produces ingarroct reasults: other
Programs  fmay tecminate abnormally &2 a reosulc of attempting illegal
operaktiong.

Tiils chapter introdocee the VAX-I1 Symbelic Debuogoer  [DEIDG)  for
COBOL-74  programs. You will find a complete description of the LESDG
facility in the VAX-11 Bymbolle Debugger Reference Manual: encwugh
information is included here to  get you starkbed debugging a COBOL
DTogram.

8.1 DEBUG CONCEPRTS

DERUG = a module that you can include in an execukabnle image with the
LINE rcommand, {Bee Chapter 2.1 IL allows vou to examine and change
the contente of your program's data items:; vyou can alse conkrol  the
ardet  ¢f =tatement execution and regain conkrol when oxecotion ereors
oCouE,

The ¥AX=11 symhalic Debugger is called aymbolic heganse Lt allows  you
to refer ko data ltems By the symbals you assigned, that iz,
date-names. You can refer to Procedire Dlvision locations by source
lizting lipe numbers rakther than vax-11 memary addresscs.

To use symbalic refarenees, the compiler muat s&kcke the symbals in the
objeet module. Although .thia adds po address space requirement bto the
executable image, it doea redlire space in the imagye Flleg that I%
why aymbol tables are not stored aotomaticaliy ——"vou musk cause Ehem
ta be stored by using the /DFBUS command gualifier when you compile a
pEogram, IFf vou Jd9 oot specify FDEBUS at compile timeo, vou can still
use the debugger, but wou cannck cefer to data items eymbolically,

To summarize, uze the SDERBUG command gualifier at both compile time
and  link time. Then, when you execute the image, DEBUG =akee conkrol
and prompts you for a command with the prompt: DBEG:.



9.2 PREPRREING TO DEBUG A PROGRAM

The fallowing eectiona describe the commands thak establish the
envirenment Eor debugging COBOL programs, The commands are:

GET LARGIAGE COBUL

SET HMCDIILE
ZHOW MODLLE
CANCEL MODOLE

SET SCOFE
SHOW ECOPE
CAMCEL SCOPE

8.2.1 GSET LANGUOAGE COBOL Command

Thia command tella DEBUG that the debugging dialog applles to & COBCOL

PTCQIam. It allews symbolse that conkain hyphens, Eoc crample. The
format of the command is:

SET LANGUAGE COBOL

You may want to debug an image thakt eoentalng modules wrikten in mare
than one language; the 3BT LAHGUAGE command allows You ko change
language conventions during the debugglng sesslon.

DESDE'E default i= the language of the main proagram,

8.2.3 MODULE Commands: S5ET, GHMNW, and CANCEL

ODEBD3 maintaine s table of symbols defined in the progeam with which
it is 1linked; +the table contalns the name of each data item defined
im the program, lke data tvoe, and its location. The bahls can nold
abhout 2000 symbols at a time. Therefore, if an image contalns modules
that have & total of more than 2000 symbels, the table wmay nat be able
to hold all of them at once. ¥You cannckt tefer be a symbal unlese it
ia in the active symbol table.

Tge the MONOLE commanda ta conkrol the contents of DEBUG's  acklve
symihocl  table when the lmage you wank  to debug containe multiple
madules. The commands are;

SET MODULE Places the symbeols defined in the Spocified module
(progeam) into the active aymbal teble.

The format of the 3ET MUDULE commandg is:

SET MODULE madule-name [,module=name]
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SHOW MCOTLE Iisplaye the names of the modules whage symbols are
currently in the active symbol table.

The format al the SHOW MODULE command is:

SHOw MGDIILE
DEBOG responds by displaving che names of the moduolea
Finxed with jt; it alsa indicates which modules’
symbols are in the ackive symool ®able and how  nmuch
Epace Ehey wooupy.

CANCEL MODULE kemovee a module's symbowls from the ackive swmbol
Lable,

The farmat af the CANCEL MODULE command is:

CRHCEL MODOGLE module=name [ module-name] ...

9.3.3 SCOPE Commands: JET, SHM, and CANCEL

The 3COPE commands control the defeult that DEBUG uees t0 resolve
references to symbola. When you vse the EXAMTNE copmand, for example,
you can eithet name the module in whlch the aymbal is delined, &r you
can omit the module name. Tf you omit the name, DEBOG umes a defaulkt
if it can't find the symbol in the default scope, it aktempts to  Find
43 upnambigueous s=ymbal in the remainlng modulesz. If DEBUG cannot
resulve the refersnce, it displayas a message,

Until you uee @ S5ET S5COPE command, DERDG uscs as the default ascope the
name af the ficst module with which it was linked.

The SCOPE commande ace:
EET SCOFE Zpecifies the default madule,
The format of the SET SCOPE command is:
SET SCOPE moduleaname
SHOW SCOPE Pisplays the curtent default module name.
The format of the SA0W SCOFE command ie:
SHCW SCOFPE
CANCEL SCOPE Cancels the curcent default medule name. Ontil wou
use anather SET SCOPE command, DEBRE uses the name of
the firat module with which ik waa linked as the
default.

The format of the TANCEL SCOPE commatd i=:

CANCEL SCOPE
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.3 SFECIPYING LOCATIOMG

Sevroral DOFROG commands use lecations as parameters; lacations allow
voag to tell DEBUS what dets youo want to look at or whete ¥ou want
conteol transferced, for example.

8.3.1 Locatlion Typee

Fur COROL programs,  youd man use three types af location
specificatione:

Data-nams refers to a date irem in the DeRta Division. This
type of location 13 often called & =ymbol.

Far prample:
EX&AMINE IWPCHAR

tells DERUG thak wou want to see Ehe contents of the
Adata item whnge daLa-name ise INBCHAE.

¥ou canncet qualify data-names 1n DEBDG  commands  the
way you <can  in COBOL.,  Tf you refer to a data-name
that iz defined more than ooce in the wmodule, DEBDG
applies the reference to Lhe definition that appeared
last im the Source progrcam.

vpn can use subscripte in DEBUG commands as ln COBRGL
gtatementa, except foy data-nameg appearing in the
Linkage Section: however, you ¢80 ueually Aaccoids
Linkage Sactieon Ltems b refert ing to the
corcespunding non-Linkage Section data-name 1n the
calling program.

Line specifles khe beginning ofF & eource pregram  line.
The format of a line lpocakion is:

%$LINE n

The value of n correspoands ko & compilec—adsigned
line pnumbet on the program's source listing.

Apaalute sopcifiee & numctls memory address. Specify an
absolute lacation as= an inteoet.

Far example:
EARMINE LZ00

tells MEBDE ko diselay the ¢ontents of  the longword
Jacated at address 12010,
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9.3.2 FHesplving Location Rmbiguities

¥Your grogram can conaiat of mote thas one medule, as it would if a
mgin program <alled a subprogram. If the zvmbols frorm more than gne
module are in DEBIG'e aymbol table, and if duplicates exlst, Ehen &
symiel reference could be amblguous. Furthermore, 1[0 more tham ana
module were linked with DEBUG, then lime pumbers <ould alszo  be
ambiquens.

DEBUG uees defaults to resplwve ambiguous eelerences. In some cases,
hewever, you may wankt te apeclfy the scope in am lacation ko refey to
other than the default module.

For examgple, your program might consist aof a main program, TESTH, and

a eubpragtam, TESTBE. If you wanted ta transfer conteol £ line 36 in
TESTE, w¥ou might use the ocommand:

GO RLIKE 36
Ezcaude you did not specify a module mame, DEBUG uses the default
acope £t fesolve the ambiguity —— the defanlt conld be either TESTH or
TE3TE, dependimg on whether wow had previously wsed & SET  SCOPE
canmand .

¥You cam overtide the default and resolwe the ambiguity yourself by
gpeclfving the scope as part of the lecation:

0 a2LINE TESTE“ 34
Eimllariy, you can epecify the sdope in symbolic data-name locatione:

EXBMINE TESTHYACCNT=NOK

8.4 CONTROLLIKG PROMGEAM EXECOTION

Thi% section deacribes DEADG c¢omnands that allew wyou ta  =suspend,
monitor, and reaume pragram  executlon at Eepecific poiats. Tha
commands are:

SET BREME SET WATCH EXIT

SHOW EREAE SHOW WATCH RMOW LUALTEG
CBRCEL BEREAK CARCEL WATCH

SET TRACE GO

SHOW TRLCE ETEP

CANCEL TEACE CTRLSY

9.4.1 BEEAFR Commands: SET, SHO, and CANCEL

The BREAE <ommands conteol the locatien of breakpeintz in the pragram.
4 breakpoint 13 a location where wou want a prograc to soepend
eRecotion and return control to you; at a breakpolnt, vou van examine
or changs dats values, or you can change the program's executlan peth.
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The BREAE commands are:
JeT BEREAR Speclfles a locatien at whleh 0 susoend executlon.
The farmat of the S8 BREAK command is:
BET BRELE loratisn [DO {DEBTUG commands)]
If the program reaches the epeclfied locacion, it 1S5
suspended befare executing the instruction lacated
thete, You can cequest that DEBUGC perfeorm  commands
when the hreakpoint 1 reached by wsing the DD
aption. For example:
SET BEEAR $LINE 210 DO{EXAMIME TOT-RMT)

@anges DEBUG to display the centente af che data-name
TIT-AMT whenever it suspends the progrem at line Z10.

SHOW BREARE Displays all breakpoints currgntly set in the
ProgrEam.

The formak of the SHCOW BREAK vommand LQ&:
SHOW BRERE
CANCEL BREERK Removes specified Lreakpalats.
The Formak of the CANCEL ERERE command is:
CANCEL BRBAK/ALL

or
CARNCEL BEEAE locabklon [ locaticnl ...

8. 4,27 TRACE Commandsa: S5BT, SHOW, and CAKCEL

The TRACE commands contral the Iocation of tracepoints in the sragream,
A trtacepeint rezemblea a breakpolnt, except that program executlan
conkinues efter DEBOG displays the corrank lacation. rraceprinks
allow vou to monitor khe gseguential flow of a prpogram.

Tracepoints and breakpainks supersede each other; , that, is, Il you set
a tracepolot at the =same location as a breakpolnt, the breakpoint 13
cancelled.

The TRACE commands are:

SET TRACE Specifies a lacation at which to spswpepd execution,
dlzplay locaticn information, and continoe.

Thee Fatmat af the SET TRACE command 149z

SET TEARCE location

9=& DEBUGGING COBOL FROGRAKS



SHOW TRACE Displays the program locations at  whichk Etracepolnts
ara cutrenktly sek.

The fzemat of the SEOW TRERCE gommand ie:
SHOW TRACE

DEEDG displavs tracepolnts in neweet-to-oldest  order
-— pnewest 12 the last tracepeinkt Sek.

CANCEL TRATE Bemoves spocified tracepoints.
The format oF theo CANCRL TRACE command is:
CANCEL TRACE/ALL

CANCEL TRACE lacatlon [ ,locatian]

4.4.3 WATCH Commands: SET, SHOW, and CRHCEL

The WATCN commands allow you ko monitor orogeam  locations, called
watchpoints, Ffar sttempbs ko change their conktents. If an {nstrugtion.
atbempbe to change the contents of a wakchpolnt, TDERQGE =suspende the
ptogram, displays the locaticon of the Ingbruction, and prompts £20 a
cammand. Watchpointe are nseful when youw need ko know if a data  item
ig being inadvectently changed.

The WATCH commands are:
SET WATCH gpecifies locations to be monltored,
The format of the BRT WATCH command is:
SET WATCH idencifier

The identifier specifics Lhe lpcacion to bre
monitored.

HOTE

Waern 4 watchpoint i= set, DEBUG protects the
entire memcry page from write access.  When
an instroction at user m@mode lewvel  (your
ptogram] attempbs Eo changs the contents of
any location on the pratocked page, DEBUG
evalyates the accees for wotchpoint ackiapg
kawever, if a eystem secrvico trles ko write
te a protected page, Lt retarns an ercror.
Therefora, Lf wetchpgairlka are et an the same
page £2 a File Section record desgription,
acces errLors  ¢an  oocdr  duking RM3 input
oparativns.
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SHOW WLTCH

CHNCEL wWh2CH

Dieplaya currenkt watchpainks.
The Tormabk of the SEHOW WATCH command is:
SHOW WATCH
DEBUS displays the current watchooinks in
newegt—%n-nldeat arder - neweslk iz the last
watchipgalnt 8¢k,
Lemoves specified watchpeoints.
Tt format of the CANCEL WATCH command 1s:
CANCEL WATCHAALT

or
CRNCEL WATCH identifier

§.4.4 G0 and STEP Cozmands

The GO and ETEP commande initiaste ard continue program exsacution.

£33

Regumes program execotion; elther at the cCurtent
locatien or anckther lacation.

The foarmak aof the G0 cocmand is:
G0 [Locatian)]

1f yon omit the lacation, execution Btarta ak the
cureent locatbion,

1f youw Specify an loecation, DEBUG transfers control
to £bke new locetian.

You car epeqlfy the lacation as & Source program line
numzer (GO %line 38, for examplel ! however, you
cannot regume execuiian at & liae boundary 1f £he
curcent lecakion is other than the beginning of a
lirge, If the current location is not a2 line boundacy
-— & Cpmman oocurrence when watchpointe are reached
-— s the ETEP command to reach the mnext line
bBoundary befére attempting a G0 3line command.

MCOTE

Exit from DERUE befaore restartlng 4 program
feom the beginning. The results of osing a
G command to restart a progrem from  the
beginning are undefiped.
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STEP Tanktinues cdecltklon ak the eureent  logation for &
specliled number of skeps.

The format of Lhe STEF command is:

ETERF [n]

The walae 9f 1 spacifiss the number of steps La
giecuke. I[f you do nat apecify nm, ar you specify O,
DEBUG assgmes a wvalue af 1 as a default.

DERTG evalustes n for each step in the exocutlon ol 2
STEF camrand. Tharefore, 1if n has a large valle,
YOUI program runs slewer Decause af DEBUG overhead.
Yau can redoace this ovorbead by using the SET BREAK
and G0 commands [issesad of STEP) when you want w0
executs more Lhan a Eew steps.

9.4.5 CTRL/Y Command (Integrupting the Image)

You ean gae the CTRLAY command at any time to return ks the VAXLSVMS
system command  lavel, Preea the CTRL key and the ¥ key at the same
time: VYAKSYMS displaye the 5 prompt ak the berminel; & STOF literal
ptatement in your program  praduces bhe same resplt. You can theo
retydrny Eo DEBOG with the DEBUS coammand.

Tee the CTRL/Y command when you oelieve your program 1s in an infinice
loop, ©of when you wanbt immediate control. WwWhen you Ecburn o DREICG,

vou ¢an use the SHOW CALLS command t9 see khe praogram'e location when
the CTRL/Y ¢ommand lhnkerrupked executian.

%,4.% EKIT Command
The EXIT command termimates the debuggling sessian.
The Farmat of the EXKIT command is:

EXIT

DERUG Eetminates the program and returns conkral ta bhe VANSTME syatem
cenmand level.

8.4.7 SEW CALLE Command

The SHOW CALLS commatd displays information aboot the current level of
nesked calls, including pertarma, The content and format of the
information are similar te the traceback display, which is  described
in Chapter 10.
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The Foarmab of the SHOW CALLS command 1=
SHO CALLS [n]

If you do not specify w, DEBWS dieplava all call levelsr atherwise, n
determines the number of lewela that DEBUG reparta.

8.5 EBILRMINING AHND CHAWSIHG DATA
This gection describes commpands that allow ¥ou 2 zee and to change
the contents of data items during program execution., You may want to
change valuas to correct errore or to kest a hypothesis during a
debugglng gessian. The commands s

EXLMIRE

DEPASTT

9.5,1 EXAMINE Command
The EXAMINE command displays the contents o0f a specified locatlian.
The formak of the EBEXAMINE command ist
EXAMIKE [location]
¥ou will uewally specify the lacatien as & data-name J{ExaMiNe 3081,

for axamplel. However, You can display the contents of an absolote
address {such as BEAMINE 14000) .

9.5.2 DEPOSIT Commiand
The DEPOSIT command changes ethe contenta of 8 gpecifled lacation.
The format af kthe LEPISIT command ia:
DEFPOEIT location=valus
Fxamoles:
DEEOSIT TTEMA=1Z

Placezs the numeric walue 12 into the data item ocamed by
data-name ITEMA,

DEPASIT WOIRDE="NON I2 THE TIME"

‘Places the charactere in kthe slphanumerls literal Into the
data item named by the data-name WORDX,
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DEPOSIT TOP="G&2K"

Flaces the waluc -6&22 inkte tuc  four-dagit  gigned namearic
DLSPLAY data Ltem, TOP.

MOLE

The LEPOSIT command [unckiars in the
game:  way a3 Lhe CDBEOL RCCEPT stacemsnl
for pisSeLAY dats icem=. Thecefwre, wyoo
mLat ba aware of Eke internal
represenktation o your pcoegran's data
items when yoL wie the DEPOEIT camrvand.

9,6 SoMPLE OEBULG SESSIOM

This section contains an acnotated debugging session thek demonsibrales
the wse of many DEGYE Leakures, Following il are sample liscings 9f a
COEQT, program [(TESTH) and a enbpragram {TESTE]:  the debugping =session
refers to theee listinga.

Progtam TESTA acvaepts a character stcimg £eom the bectinal and  passas

1 +o TESTB. TESTE revayses tha chacacker 24ring and retorns iz {ané
ita length) ko TEETA.

The follovwicg depugiing sessicn does not demonstcakte tho Loecatlar af
acktual progeam  eCLars; it iz designed o show Lhe o=s of DEBUG
features.

Eesponses from DEBIM: and VWME appedatr in red.

1) We w=se Lhe EROW  command k£ start  the
gegalomn, KoLe tLhal we do not nesd the
SOEBWS gualifier, since the pragoans
wieprr  wonmphkled  ard linked with DEBUOG.
LERDG kekes conkenld; ir displaye 1izs
gkandara  header, showing uwus that the
defaolt language is COBOL and that the
dalfault scope arw]l module are TESTA.
DEBDG returne control by displaying its
prompt, DBG:.

g EOH TESTA
VAREAYME DERDG Wl.5% 04 Janoary 1979

$DEBUG-L~1KLTLAL, language iz COBOL, scope and medule set o "TESTA!
LBG>
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21

DRGHEHEW MODULE

Using the SHOW MOLULE
that LESLG's ackive symiacl Lable
contains symbols fron only one medule,
Lae mair pragram, Tre lash module is
part of the RHILS: wzs licked from
CTAL1IEB.CLE.

commanid, wer =Sae

it

medule pome symbols language Bize
TESTA weR [22GOL lo4d
TESTH na CoOBOL ile
CBFLSW ne BLISE 134
tatal medules: 3
remaining glze: 60048,
d) Wwe try to set 3 preakpoint 2t line 26 of
TDATH, DOROG  cannat  Sind line 26,
Degause THESVTH'=s eymbels are not in the
active symiol tabkls.
DEG-5BET GREAK ST.THT TRETHE 24
2LERIG-W-NOLIKME, rautine 'TESTER' has no %line 26
4] We add TESTR's symiuols wlth tEhe SET
MIOLULE cammans .
ODBG:SET MODULE TTSTE
21 Thor, we cantics that the  svmouls  nave
cezn zdded.
OBGE> 5A0N MODOLE
modele: hame gymhbic] 2 language Bize
TESTA YE5 CoBOL 164
TESTE yos CORGE ILE
CHELSHW no BLISS 12&
total medule=: 3,
Temaining =size: G074,
B) HWow, wo ¢an sck bEhe preskpoint wikh ne

NAG>SET JRERE %I.THE TTSTRYZE

T

TEE =00
routine scart at TEYTAWFEETA
ENTER WOERLD

9-12 DEPUGGING COBOL PROCALMS

problom.

We reapme eXagation,
Exesutiaon  Etarting point. The imsge
cantinees until TEST4L displays ics
prompts dnd waiks for o response.

DEROG displays the



Hy
B&CKEWL AT
break at TESTETESTH %1line Z&
]

We enter the word ta fo rederaed.
Fracution conLinces unkil the imaue
ceaches tht broakpaink ak line 26 of

mpduele TERTE.

we 2ot bLwo breakpoints. when line 40 of

TERTH is reacned, DEBWS will execukte the
commands in paicnthescs; iL will
display two data itews, thon tegume

axecution.

oEG>SET BREAY RLINE 4¢ DO(EX HOLD-WORL;TX EUB-1;G60)

opEx SET ZRERE %LINE 34

10)] we display the active breakpolnts,
DBEG> 3ECY GEZAK
hteakpoint st TESTBYTESTE $linc 34
breakpoint =zt TESTBANTESTE 2liac 40 DD (EX HOLD=-WORD;EX SUB-1:G0)
breakpaint a2t TERTRNTEETE %line 26
11 We 4ok a btracepaint at liee 22 of TESTA.
TESTR ig the default =cupe.
DEG:SET TREACE RLINE 27
12y We set o wakchpolnt an the gdata-item
ODISE—COUHNT. Whaer khe an inatructicon
attenmplte Lo charge the cantenks uf
DISEF-COUNT, TERDG wiil relLutn conkrol te
A8,

ODBEG»HET WATUH OISE-COUMNT

13

DEZ»GID

gtart abk TESTEWTESTH %line 24
beeak at TESTEWTESTH %line 40
TESTENTESTENHOLL-WORD (1: 20} ¢
TESTRYTRETDAWEUB-1{1:2): B
Btart at TESTEWTLESTE %line 40
break at TESTEWTESTHE %line 40
TESTANTESTENHOLD-WORD {1 20) ¢
TESTRMNTESTO 5UE~1 {1t 2] ¢ 7
etart ak TE3STBE\TESIB %lips 40

e reaume execution. wWheneser line 40
in TESTE i1 eboout to be executed, DEEOG
execates the vantents of bhe T commard
Ehel: we entersed at scep B: it displays
Lkhka apntents afl  [MCLD=-WUOED and SUB-1,
Lher rezumes execution.

OR
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break at TESTEBMNTESTE #%ling 40
TESTESTESTEA\HOLD-WORD {1 2U; ¢
TESTENTESTBNSUOB-1{1:2): &
start at TESTEMTRSTH %line 44
Lreak 8t TESTEZWTESTH tline 40
TESTENTESTENHOLL-WOBRD (1 &0 ¢
TESTBSTEETRALETIR-14il 411 5
gtart at TESTEZTESTR %lime AD
Ltcak at TESTELWTESTE %lims 4D
TESTEYTESTBYHOLD=-WOKD [1: 200 =
TESTEMNTERTBAEUG-1(1:2]: 4
gkart ak TESTEWTESTE %line 40
bresk at TEATEWTESTB %line 40
TESTENTRETENACLD-WORD L] £ 20) ¢
TESTHWTESTE,5UG=141:2]: 3
gtart at TESTHWLEZSTH $%line 41
break at TESTESTESTE %1 inc 40
TESTH TESTR\HOLD-WORD (1= 20) =
TESTRTESTE\SUB-1[1:2]): 2
gkart 4t TESTEAZTESTE %#lima 49
Dteak at TESTEWTESTE %linc 49
TESTRYTESTR ' HOLD-WOERD [1:20) :
TESTHEYTESTBYSUB-141: 2] 2 1
gtart at TESTE.ZTESTH %line 40
beecak at TESTEYTESTE %linc 34

14
DEGXDEPOSIT 2UB-1x10

1593
DECEXAMINE S50BR-1
TESTRYTESTE,3UE-1(1:2): 10

16
DEEDEFOS1T SUB=1=" ™

17
DEG-EXLMIKE S0B-1
TEETOYTESTELSUE-1(1:2): 32

9-14 DEBCGSING COBOL FROGRAMS
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DEAW

LELWE

TR

LRAWKCA

LRAWEIIAE

We deposit the value 10 into the data
item S0OB-1. WHote that we g nok necd to
encloge the value in cuales since  S00-1

is a COMP 1tem,

Wa arxamine the caorkents of =0R-1.
indicates that it is displaving
velye gantalned in bykes 1 theaugh
(l:2) of the data iterm.

TDERLIG
tne
2

another wvalas  lata
ETR-1, wuslng a gquoted =String. DERODG
depasits the waluo in Ehe &amc fannor &9
&  COROL ARCCEPT stakbwment: a5 & stocarm
of Dytea.

Here, we deoposit

When we look at S03-1, we sec that 1t
onow naE 32 a5 its walue: 32 iz the
docimal walug al the nalTT aaace

cheracter.



1B} We depoait a value lntko dats item SOR-2,

whnse usage is COME-3. The guoted
sbkring is peeded be=cauvee ueage i  other
then COMI.

ODBS*O0EPOSIT SU0E-2="-d42"

189 wWe then examine 3UBE-&, ano see that 1its
value 15 now —42.

DAGFEXNAMINE sU5-2

TESTEATESTESSUB-2(1:2): —L0O0Q0Q0QUQa00ueuduonauaduinGng
291 "We look at CHARIYT, whose picture is
Q5yRg, DERDE diaplays the conktents as
0&0d; it is not awace of tha implied

decimal palnt. DEBUG treoats all DISPLAY
data ltens as alphanumeric.

DBGPRKAMTNE CIIAICT
TESTGHTRSTEWCHRRCT(1:4) 0207

211 we depoeit Eocur charackters into CHARCT.
CEG-DEFOS1IT CHAERCT="1S00"
22] CBARCT paw has the waiae T1300" (15.00).

OBG»SHAMINEG CIHARCT
TEZTHYTESTE N CIARCT (1 4) 1L04

231) Here, we drpasik anakher walue, omitking
ke cuakes,

LREHXOEPOSIT CHARCT=42
24) wWe examiane CHARCT and 8ees thsk it
contains  an astercisk (decimal value 42)

tollaowed by Shroe Spaces.

DECXZMLBMINE CHAHCT
TESTE TESTHRYZHARCT (1:4): *

251 We anrgnsit the gquoled walae "15"  into
CEARCT.

LEGXOEPLETT CHANRECT="]15"
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£6) S8ince a guoted stolng Lo depasitad
wibthout copveraion, wo Soc thak CIIARCT

new voentaios *15 4, If we 1left khis
wzlue 1in CHAROCT (inwalid for a numeric

data item], &an ecror would wococur  later
in tme run.

DEG» EXEMINE CHARERCT
TESTENTESTBWCHARCT(l:4}: 15

21 ga, we deposit a walicd value,
gbGx LEPOSIT CHARCT="CEOQOQ"

28] We resumse crecation.  The progeam  TESTA
displays +the rever=sed ward. When the
image reachea line Z2 in  TESTA, LDEBUSG
detectzs thak an inskrucbtion has changed
the contente of OLEP-COURT. SGince we
sek a wakchpeint oan DISP-COONWT, DEBRUG
displays tne 2ld and mnew +walues., then
tekbutns  conkral b ud. qotee khat we
don't know the cureenk locakion in terms
nf  line numbher; the dl=played locakion
iz in the HIS.

OBG» GO

start at TESTE“.TESTH %lime 34

teace at TESTASTESTL %lipe 22

DREWECAR

wtlte Eo TESTAWTESTANDISP-COUNT(1:2) at PC CVE I ANY¥+6T
ld valun =
new walue = 0OH

29) To sec the image's curcent lacation,  we
by the SHOW CALLS  cowmand. DEEOG
displays the aetive <all frames, bBut  we
still don't knew the line nucber in gur

TrOQEam.
pBe> SHOH CRALLS
medule name routine name line relative PC  absvluke PO
CWT_P_ANY Qo0ado4r oaocl4al4
TERTM 22 Oanngnioe nanagdT4a

A0) We use the S5TEP gommand unkil we reach a
line boundazy., DOEGUG lndicakes bhat the
image haz reached lins 25 of TE4YTA, the
line following the ceference ta
OLSE=-~COUN™.

oeE»STEPR

=tarkt at C?TNP_AFY+?H
stepped ko TEETR\TESTH Bline 2i
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ALy We repume executicn. TESTh executes iLe
Final DISPLAY. LEELG reqgadins control
when the STOF RIMM L= exednked.

DBG =G0

etart at TESTATESTRE #linc 2B

08 CHARACTERS

SDEADG=I=-EXITATATUSE, ia '3S¥STEM-5=-MNORMALL, normal succeseful complecion”

32y At this poink, we can conkinue  Lhe
Ees8iatn, by examining the conlantz of

dakLa ikems, Far  =xample: 0Or, W oan
terminate the iTage with the EXLY
M .
DEGE=EYIT
8
Program Listinge:
oo0col ICEATIFLSATION DIVISLON.
ononz EROGERLM-IT, TESTM.
oDgo3 ODATR-WRTTTEM. JANUARY 1574,
oogo4d O&ETE-COMPTLED,
Qaucns 1G-Jan-1974
200 0e ENVIRCEMERT DLVLS10M.
aopaowr CONTTGOORATICEK SECTION.
QUONE SCGLRCE-COMPUTER. va-11.
aonos OBJBCT-COMPOTELR. vax-11.
ongla TARTHR DIVISTOR,
aunll WOERING-STORAGE SECTION.
annt z 01 LET-CHT FIC 9({2)vw3[Z].
o003 01 IWN-WORN PBPIC R(201.
cunld 01 TDIAP=COUNT PIC 9020 .
aonls PRCCEMIATE TIVISTON,
aonla GETIT SECTTON.
gonly ZEGINIT.
Gty D1SFLAY "ENTER WOLD".
ocola MOVE SPACES TO IK-WO3D.
aGazn LICEPT IM-WEO.
ooazl CALL "TESTZ" [DRTNG TR-WORD T.ET-CHT,
ongd PERE'THM DISPLAYIT.
aoozd STOEF BUN.
Nz DISPLAYIT SECTION.
QCazh SHOW-IT.
NUNZG D15FLAY LW-WORD,
ooazy MOYWE LET=CNT T NTERP-CLNMNT.

L 0A027 0372 PORFIRLE TOW ORUER RECEIVINS FIELD TRUNIATICK.

0aa2e DISFLAY DISE-ZC0DHT " CHARACLZRST.
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nanol
nonGd
nonG3
gonagg
Qo005
UoUDG
0anaT
Ga0ng
gLang
GoaLy
conll
coOlz
g L3
Guola
10015
godla
oL
gagla
Gl ]
oo02G
G001
col2z
ongdl
oulzq
GOG25
0026
0oo2T
vAD2E
poazh
o0C3Ig
po3l
nooaz
paD3as
nofpad
00Nk
ITRIEY Y
0aa3vT
naD3E
panas
Dao4an
naoal
bonaz

IDENTIELCETION DIWVISION.
PEOGESM-I00. TESTE.
OATE-WHLTTEN. JAaNUARY 1573,
DATE-COMPITED.
13-Fan-1067% ,
ENYIBOMNMENT DIVISIOH.
CONFTEIRATTON SECTION.
SUURECE={CTKPUTER. vARX=11.
cEJECT-CCHMIPUTEER. VaK-11.
LATA DIVIEIOHN.
WOREIHNG-STOREGE SECTION.
01 &SUE=1 FIC 9¢%) COMP.
01 sSUB-2z FEIC B9[Z] COKP-3.
01 HOLD-wOGRE.
3 FMHOLD-CHAR PIC X OCCURS 20 TIMES.
LIMHELSE SECTLON.
01 TEMP—WOED.
J3 TEMF=CEAR FIC X DCCUORS 20 TIMES.
0l CHasCL EIC 935oo.,
PRGCEDURE LIVISIONE TEIMG TEMP-TORD, CHRECT.
CONVERT-IT SECTION.
ATARTUP.
IF TEMF=WORD = SPACES
MOVE J 00 CHRRCT
GO T GET-QUT.
PLEFORM TOQE-TWALEK
VARYTHG S08-1 FRoE 20 mBr -1
unTllL CEMP-CHRAR {5UB-1]1 HOT = SCACE.
HOVE SUB-1 TO CEARCT.
HOws SPACES TO HOLD-WORD.
EEEFORM MOYE-IT
VARYING S0R-2 FROM 1 BY 1
UHTIL SU0B-1 = 0.
HOWVE HOLD-WORD T2 TSMI-WORD.
GET-007 .
EXIT PROGRAM.
MUOFE=IT.
KCYE TEMP-CHAR (SDB-1)
T] HOLD-CHAR [3UB=2).
SUBRTEACT 1 PROM S50B-1.
LOOR-BACE .
ERIT.
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CHAFTER 10

EERGR MESSAGES

Ercpera cati aecur while compiling, linking, ©r ruoning a WVax=11
COBOL-74 orojram. Thiz chapter defines thege different etrors and

Eriefly discusses tholy associsbed diagnostic messages. Appendix D
lista complle-tine diagnostics: Appendix E lists run-time errpr
mMessagea.

*

1d.1 COMPILE=TIME ERROH MESSLRGEG

If toe VAX-11 COBOL-74 compiler detecka an error, 1t will print a
diagnoetic message either bofore or after the erronewus source program
line. Diagnasti¢ messages 1ook Like this:

¥ LINE ERR K--——————— TERT ———————=m====- X

ELIJOI mMEeESBEage

ETTOI mesEaAJe numoret

BOUECE Prodram lLine oumber

severity level - informational (1%, warning (W), £fatal
(P

The fullewing example shows disgnostlc meSsages in the scurce listing
of a program named "SAMPLE":

ooo0l IDENTIFICATTON DIVISICH.
oonng EROGRAM=ID., SAMELE.
oound ENVIROMMENT DIVISIOH.

Qoand SOCRCE=COMPITER, WRX-1].



aonos JB-JECT-COMPITER. Wai-11.

Uogae DATA DIVISION.
goadT HOBRKIKG-STORRCGE SECTTON,
anaoad {1 THRELE-VRLUOES.
QOO0 05 TeERB=WAEL QOCOES © TIMES EIC X.
QooLla Nl =LYE=VAL PIC K.
QooLl PeOCEOURE DIWISIGH.
Doglz MAEIM STECTTON,
oog13 FAHL
I DOn14 D0O62: TEEMINATOR MISSING AFTER FEACEDURE HWAME.
nionld EF SAVE-YAL = STACE
uunlf ADD 1 TD SAVE-VAL.

F 0dnls 0714 MISSIkG OF IMNWALTD OPREAMD FOR ARITHMETIC WEERB

I 00016 O6l& PROCESSING RESTARTS BEFTEER TEHMINATOR.

nO0la MOVE TabP-val (Y9 T SAVE-VAL,
poa17y STOF RUH.
codla EXIT.
W o0l gLg3 LEXIT. WAI NOT THE OWLY YEREER IN PRRACRAPH.

10.1.1 GSeverity bewela

3ome errore do not affect program comgllation, while aothers abort it.
The compller therefore ieapee three types of diagnestic messoges ha
reflect varyving severcity levels: Informakianal ([(T), Warning (W), and
Fatal [F}. Consider the followipng messajes, taken from the SAMPLE
pragram in Secklon 10.1:

I 00014 0622 TEEMINATOR MISSING LFTER PROCEDUORE HAME

The compiler issues informatlonal messages +to pinpsint auapect
conditions Ln  your SOurce PESJIam. In program SAMPLE, the
paragraph name BRHA does not end with a pericd. Tne compller
displays the mMeSTAge: "TERMIMATOR MISEINKG RFTER PROCEDUEE WAME."
t deacribe the srrar. Because the compiler can recover from the
error 1inm a manner coneietent with youwe inkentions, 1t 1saoes an
informational message only.

HXTE

¥ou can use the SHOWBBRHINGS <ommand lioe gualifiec  to
pupptesa informational error messages.

10-2 EERROHR MESBRGER



W 000183 Q193 .EXIT. WAS NOT TNE ONLY VERE IN PARAGRAFH,

Warnings, Like donformaktlonal ercocs, plopeint source  program
mistakes from which the compiler can cecover. In program SAMPLE,
for imatance, the warnlng lndidaktes that EXIT must be the only
ctatement In khe pacagraph. The compiler can take corcective
actlon, however. But this action may oot be consiestent with your
intentions, even though the code produced will be executable.

The <compller therefore flages the object file to denote thak
Warninge accurred.

F 00015 450 REFERENCE 10 UnDEFINED DATANAME. IGNORED.

The compller cacnot cecover from Eatal ercorfs i a manner  that
reflects your intentisns. On iline 1% of program SAMPLE, SAVE=-VAL
i5 defined as alphanumecic: therefore, it cannot be uead im an

arithmetic statement. The compiler canoat kake correceive
action, 50 Lt issucs a fakal 2rror and doesz not ceeate anm abiect
file. Howewer, it analvzes all remziping seurce program lipes

and EepoEb SErorsS.

HOTE

¥You cannt use a command line gQualifier to supprass
warning or fatal messages —— they are aliways peinted.

10,1.2 Error Message Printing

The compller displavs the dlagnastic ervror message either befors or
afkter the etraoneocus sSaurce program lipe. There are two exceptions to
this rule:

1, Diagnostic meesages ¢an aopear after the last entry in  the
DATA ©DCIVISICHN oefore the PROCEDURE DIVISION header, These
messages reflect errors the compiler canonot report  wntil it
has processed the entire DATA DIVISION bext.

2. Diagnostic messages can appear afker thie last line of the
FPROCEDURE TIVIZLON. These are messages that the compiler
cannskt isaue until it hasz processed  the entlre PROCEDORE
DIVISTION.

10.1.3 Internal Compiler Errore -—— Syskem Efeoes

The compiler performes consistency «<hocks ap pragram f£flow and  the
cobnkents oF daka Fields.
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If the compller detecks an ingoneiakency, it prints a message and
terminates compilation. The ayatem error message focmat ls:

“Td-—<cErar meseages
Cid--5S¥5TEM ERROER HEHKHHN

The six-digikt aystem ercer code repreachts the probable cause of the
ercor. When a system errar occuts, the compller closee its input file
and doez ralk generate an object file. BAppendlx F lists sSyatem error
codes and their meanings.

Il an I/ ertoy gocurs during compilaticn, and the compiler cannet
continue processing, an L[S0 system ercoc message is displayed; Lhe
compiler then terminates. The lormak of the T/0 eyetem etrar megsage
is:

Cld=udierror megsage

C74d——I0 ERROR —-NH

The number {-8M)] L5 an REX-1IM nAppliceticn Migraclan Executive
[VAX AME) cade.

10,2 SYSTEM MEZSAGES

VARESVME provides a centralized erior message facility. When you  Lyps
4 comnand at vour teminal ar execute an image, and an errcor results,
the system displeys an etrraor meseage. The gemeral format £or ercror
meEgages 18:

RFACILITY~L=C0ODE, 'CELT
[-FRCILITY-L-CODE, TEXT]

wherea:
EACILITY i3 a VRX/YMES facllity, or componenkt name.
Far example, %274 represents COBOL-T4.
L i a severity level indicatoey it has one of
the Eollowing wvalues:
Leweal Meaning
5 Buccegs
1 Information
| WeTTing
E L]
F Fatal, ©r gevere =ICGC
CODE lz an abbreviation of the message cext.
TEXT iz a deacriptive meseage.

T VWAK/TME diesplays mare thaw one measage for an errar, the additional
message takes the form "-FACILITY-L-CODE, TEXT".
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vou will Flnd a full discuseion of system messages in the VAXK/VHMS
Avstewm  Mepsages and Hecovery Proceduree Manual. The following
sectiuvns discusa aystem messages issueced for  link-time ar tun-time
eICOrs.

10,2.]1 Link=time Brrar Megsages

Mg chiject modules produced by cthe compiler arre nonexecutables they
must firet be linked, Two xinds of Link-time error messagcf oCCUE:
{1y wactning errac messagesy irmhedded in the obieck module by the
compiler f{=ee Scotion 10.1.11, and (2 errors dekected by evatem
facilitles iavaked by the linker.

Il the campiler flags an ohject file as naving warnings, the Linker
detests the flag and issues the following diagrostics:

RLTNE-T-WENESH, MOIGULE CHame has compilation warnings
$LIME-w-DIAGSISUED, Comsleted but with Glanpatice

I1f & =yatem facility ertor accurs {for edample, 1f an ercér  OCCUIB
when the linker Jdmvokes the BHME faciliky), it is put &n a message
grack zné the liaker displavs it. Conzider the following cHample. 1f
vou typed the command line:

LINE WXXEX

and no object tlle exieted with the name XNXX, the following meseages
would appear at your kerrinal:

& LTHE XKXX

R, TME-W-OPF1DERR, EBASES 0 failed ko open file "DEL: [ACCOCNT]XXEX.OBI;M
SLIME-W-UNMCOD, Inltial file name was "EEXX", RMS error code = <coder
REM5-F-FHNF, file not found

=S¥ STEM-T-NOSLECHFILE, no sweh File

tLINK=-E=-FATALEHROR, Fatal arror meseage issucd

"YRKS-F-FNF, file not found" is genecated by the ViX-11 HMF eystem
Facillty.

19.2.,2 ©BRun-time Brror HeEsagas

When you execute a program, ©ETOrs can ocour as & result of  fanlty
program logic or [lle IS0 peonlens.

10.2.2.1 Paulty Program Logic Errcr Proceduras - Jf errore  oocur  ak
ruo—time, the COHOL=74 rcun-time =System {(RTS) displays & messdge on
waur Lerminal. Asditianally, the aystem TRACFBEACK facility displays &
liat of routines that were zcotive when the etror ooccurced.
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oL example, 1f ¥ou <reate this pragram:

QoGal IDENTIFICATION D1wISIoH.
Oo0oz FROGREAN-IT). PERF.

goDoi EMVIEOMNMENT OQIVISION.
aodond DaTE DIVISTOH.

0ao0as FROCEDORE DIWISTION.
O000E RODTINE-A .,

NE PERFORM RIUTIKE-E.
aoooa BEOUTINE=R.

Qa0 PFERFOGREM ROUTIKE=L.
QoaLG ROTTIMNE—C .

00011 PEREORM BOUTTEREE-L.

it will complie without any detectable orrors. Howewer, if  yon  run
it, the following will appear on your tercinel:

5 R PERT
:074=F-EECPERDET, rocdursive PERFOEM det=cted
YTRACE=F=TRACEBACE, symbolic dump follows

madunle name routine line relative PC abzolute PC
PERF EERF T oGO ooogCa7d
EREF EERF 11 NoooNoRs QCOGena
FERT FEEF 9 Dooo00d4d ODCOGCEZF
FERT FERF T OooQoo2c ocooCceaT4d

The RTS5 displaye "CTA-F-RECPERDET, recureive PERFORM detected" to shaw
that program PERF contaics a ststement (PERFOEMN ROOTINE-E] thak, it
executed, will ceuwsce 4 PERFORM statement ko tey and perform iteelf.

If a fatal error ocours, and the program was lioked with  £he
ATRACEEBACE gualifier [linker default], TRACEBRCK will prodoce a
gymbolic Jump of all cel)l frames that were &ctive when the eerar
oCourred. L call frame tepresents one execution af & suybkroptins CALL
ocr @ PERFQFM statement. For each call frame, TRACEBACE displavs: (L)
the medule name (pragram-id)] . (2 the routine name (progeem-id), (3
the source program line numbec where the eorror  cocurred, and (43
program=countsr lnFormatian.

The inltial line of the preceding TRACEBACKE Sump Shows +that the RTS
detected a fatel error on line 7 of program PERF. A& looz haz heop
created that will causSe the PERFORM on source program  line 7 ko bhe
executed twloe withouk an interwvening EXIT. The remaining lines of
the eymbalis dump  show the eeguence in which the PERFUORME wete
executed, stattlng with the most recently eXecutod statement.

If program PERF were modified ap follows, it would become a  callable
BLULEY O ¢ am:

No0os FROCEDURE DIVISION USING.
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A pteoarem could then be written to ¢all PERF:

DG00L ICENTIFICAION DINISION.
a0 FPROGRAM-ID, DOREIVEL.
anagni BHNVIROHNMEKT LIVISTOR.
EILENE LATA DIVISIQN.

oooas PECCEOTRE DIVISTOM.
noooe PLEA.

oo0gT CALL "FEERE".

1f you run DRIVER, the followlng would appear ab your terminal:

8 RUN TRIVER
%°74=-F-RECPERDET, tecursive PERFORM detectod
§TRBCE-F=~THACEBACK, symbalic dump followa

moedule name routine linc relative PC sbaolute FC
FEEF PERF 7 DODangAc ogoaceTd
PREF PERF 11 QEQQ0G5eL gopacend
EFBRF FBRE g goodoo4d godgc&28
FERF PEEFE 7 oo QnOoCETE
DEIVER ODRIVER 7 aodoconErP COdNCRER

The zymbolic dump now contains & fifth line, which ahows the calling
program DRIVER ma the initlal entry on bhe nested PERFORM skack.

10.2.2.2 File [/0 Errer Procedures — If an ertor oocors doring 170
operatione, the Following procedurs is uaed:

1, 1IF the file status key for the file 18 preaent, the BT Bets
ir toa the ocade for Ehe ertor conditlon. &Apoendix C of the
VRE=11 COBOL-74 HReference Manual Iiscs £ile status key
valiles.

3. If an IMVWALID EEY imperative condition is specified for the
1/0 operation, the RT3 perfarms the associzted imperative
atatement. The RTS performs no other processing in the f£lle
for the current statemsnt. The [53F procedute 1B 0ot
potfoimed.

3. If no IKVALID KEY imperative condition ls specified for the
1/0 operation and a USE peocedure is declared for the Elle,
the RTS performs the USE procedure end cetucns <onbrol to the
PECQT a. The BTS perferems no  further processing Eot the
file.
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4. If no AT END is speciFied for a seguential file.,

oracedure is present, the RTS petforms the USE procedure and

recuarn

F. If o=
declar

Eragram terminates with o €74 efror Stakbus.

MmEsE AT

The following =
procedure for a

aoE0nl
GOG0E
o003
coood
Qo005
Qoa0&
oQoar
coans
Qoo
Qoolo
ounll
oanlz
naola
oonld
0anl1s
nGole
ooalz

8 conteol to the program.

AT END, and no THNVALID KEY, and no

ad for +the Ffile, an errer condikcion
Boeh 74 and RMS

g2 will be diaplzyed a= a result.

xample shows a peagram that dose nok

file that iz opened for IWNPUT:

[ODENTIFICATION DIVISICH.
PROGRAM-ID., TESTIO.
ENVIRGHNMENT OIWISION.
CONEIGIRATION SECLION.
SOURCE-COMPOTER. VaX-11,
O IR T-COMPITER. WaX-11.
THPOT-QOTENT SECTION.
FLLE=CONT HOL.

SELECT NQFILE ASSIGH TO "HOFILE
LaATE LIVISION.
FILT SRCTION.

FL MOEILE

L&BEL RECORDS ARE STRMDRERIL.
21 FILE-REC PIC X,
PRGCEDORE DIVISTON.
PALA.

CGPEN INPUT NOFILE,

and a USE

(USE procedure 1z

. DAT" .

exists: the

cantain a USE

If yau execute the program and EMS5 does oot Eind the file (WOFILE.DAT]
in the default directory on the default device, the following messages

will appear at

§C74-F-OFNE RRFI
ERMS=-E=-FKY, [il
“ITRACE-F-TRERLER
modile name

TESTIA

l10-8 EHRRQR MES

your terminal:

L, QOFEM errnr on EFile: [(HOFILE.DAT)
e nokt found
ACF, symbolic atack dump fallaws

routipe name line relative PC
TESTIO 17 ponaoo3g
SAROES

sbhaolute PC

QOOGCe30



The following example shows a program  that dee8 contain & USE
procedure fur a file that iz openad foar THYPOT:

onagl IDEHNTIFICATION DTVIEBION,

qoan2 PROGRAM-TD, TERSTZIC.

naan3 ENVIRONMENT DIVISION.

GOG04 COMNFIGUREATION SECTIION.

0305 SOURCE-COMEFLOTER. Wai-11.

GOog0oa AGJECT-COMPUTER,. VAX-13.

DoGny LHNFOT-OUTPUT SECTION.

DO0ne FILE=COMTROL .

cogog SELECT WOPILE ASSIGH TO "KOFILE.DAT™.
AGL] LATA DIVISTIOH.

OGL1 FILE SECTLICH.

GoQl2 FO HNOFILE

ongol3 LMKEEI, RECCROE ARE STRNODAED,
oogLq 01 FILE-RED BFIC X,
QOgLs PROSBEOURE DIVISINH.

oUGle ECLARATIVES.,

aooily USE-SECTION SECTION.

GOolA USE APTER STAMDERT ERROE PROCEDURE ON INPUT.
o0ly O5E-IT.

gOazi DISPLAY "IMVALID FILE QFEHN".
goG2l STQOP RIN.

ROG22 EXI} OECLARRTIVES.

o223 PARA .

0024 OFEN INPUT MOFLLE.

If you execute this program and the file "KOFILE.DAT® daoes wnok  exilsk,
the USE procedure will display the following meseage:

"INVALIO FILT JPENT.

Thus, if you use & U3E procedute, the VAXSYMS ercor facility will not
display error meepsages.

See Appendix B for a full list af BTS ercot megsages,
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CHAFTER 11

ECETING IN A COBOL ERECGRAM

VAX-11 BQRT i3 & native-mode utility that provides & wide range of
sorting cepabilitiez and optiona; it can be vsed 45 an independent
utility pregrac or, through COBOL-Y4, az a Eet of callable
gubraukbines. whx-11 SORT 15 descelbed li deteill in the WAK-11 SORT
U=ser's Guide.

Thiz chapter inttoduces the WVAX-11 S0ORT callable eubroutines  and
deacribes how to use them Lo sort recordse in COBOL programe.

11,1 wAX=11 SORT SPHRONTINE PACEAGE

The SCRT subroutines are pact oF the stapdard VAK/YHE  library. and
they conform to the VARXAYMS calling standards. Thaeretare,  any
native=mode Va&X=11l program can call them. Ln COBOL, wou communlcats
with the subroutines through the CALL stakomont,  The subroutines,
becayae they sre in the WME library, are linked auvtomatically with
madulas thakt <all them,

VaX-1l SORT ptovides zie subragtines bo perform sarting functiona:
SORSEASS FILES gpens an lpouk f1le and  creakes  an  oukpat

fils. I'nie rovutine is used only whon Milas
are sorted.

SOR$INIT_BCRT initializes the &ORT work arecas and wWork
files, wusing the acguzonks vou pass in the
CALL Statemant. b Prod T am calls
EORSTHIT_SURT once at the beginoing of cach
aatt,

SORFEELEA3IE RET passes a rCeqord  to the SORT  alter  your

program has processed it. A& wrogram calle
this subrootine once far each record ta be
incluced in the sort.

BORFEORT _MERGE merfaorms the sart-merge ooecatlian.



BORSRETURN_REC returns a reccrd ta  yaur program  after

rorting, A program  Galls this subcoutine
atce [ar gach reescd to be fetucoed From the
sort.

SCORHEND_EBORT perfarms housexceping Functions at  the and
of 4 aott, 8uach as olesing £iles and
releazing MEmMECY . A Program calls

SOR$EMND 30LRT once at the end of each sort.

11,2 I/0 INTERFACE METHODS

The WAXK-11 SCRT sucrautine package allows vyou La sSpecify =socrbks in
terme of an entire file ar one recard at a time; Lhese techonigquee are
called 150 Interface methods. This section briefly describea the Ewa
I/00 interface mekhods,

11,2,1 File I/9 Interfacs

Uzing thi= methed, you requeet WaX-11 SORT to =ert all  recards in a
flle tg ¢reake a re-ardered output £ile. This technigue is compatainle
to the BCRT. ..UEING, . .CIVING syhtarx oF the ANSI-74 COBOL S0ORT Macdule.

211 each of the fallowlng =subroutbtinez once in khe ordar anown:

1. SORSPASE FILES
2. SORZINIL SORT
1. BORSS0RT_MORGE
4. SORSEND SORT

The praogramming =xample 15 Sectian 11.6 waez2 £he {1l /0 inteeFaco
methad Far the sevand sort uperation.

11.2.2 Reecord 150 Interface

Heing khia method; vour pragram pracesscs cach roecord befare releasing
ik ta the SORT, After all reoccds have beoen released, they are sar bed
inko the apecilied wrdec; SORT thet returns one rocard at a bime Lo
the program. Thls technigue is functionally idectical ko the AHSI-T4
COBCL SORT wikh input and outpuk procodures,

Call each of the following routines in the order shown:

1. BSOCRFINIT SIRT
2. GDORSRELEMEL_REC
3. BSORYSORT _MERGE
4, @SORSEETUEM REC
5. EBORIEHD_SORT
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Call SORIRELEASE HEC and SOR3IRETURM_REC once for each record: call
the ather subcoutices only once in each sorct.

The programming example ln Section 11.6 uwses the record L/0 interface
mothod for che first sort operaticn.

11.3 EEY DATA AND RECORD RREAS

For tne record IFQ interface, the rcecord that you pass ta3 the
SORSRELEASE REC  subtoukine comneists of the sort keya [key data)
Eollowed by the record to be sorted (record areal . The key data @muet
contain all the key f{lelds specified in the key buffer. which is
deacribed in the next fectiony furthermece, you gnould  sgecify the
key fields in the same sequence and in the some way (for example, kthe
same size and ders typel that tiacy appear in che key puifer. Do not
leave space between kthe key fields.

The teocncd acea immedlataly follows the key deta. 1t defines che
record  thot WAX-11 Soct roturna —- the sobroutioe SORFRETUMN_REC does
not cetacn khe %oy daka,

¥You can specify from one to ten kevs for ezch sort.  IE you beed more
than ton keya  Ilnoa slpgle sort, you may be able tn combine some key
fieldz to reduce the number ot spegifications. For example, if  the
first three keys were all khe asme byse, and if they all woke to be
sorted ic &scending order, you might be able to combine them this wavs:

Ociglinal keys:

11 SORT-RECORD.
12 S0Rr-KEYS.
05 SORT-FEY-1 PIC ®{l0}.
05 GSORT-KEY-2 PIC x(5H).
05 SORT-RKEY-3 BPTC Xi24) .
05 SQRT-FEY-4. PILC S8(5} ZCME-3.

3 LART-ELDY BLT S9(6).
w3 RLURT-DATA.

Crmb iped wmoys:

21 BORT-RRCARL.
N3 SLORT=-KEYXS.
15 COMRTINED-ERY-1.
Nl SORT-EEY-1 PIC X(10d).
07 SONT=KEY¥-2 PIC X(5).
n? SORT-EE¥-13 PIC X(2d).
05 SORT-HKEY-4 PIC 5%4%) COMP-3.

0% TARST-EEY PIC 53(%).
U} SORT-DATH,
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The total =ize af the ey ares canhot excesd 255 character poslbions.
Howewver, it ie often poseikle ko reduce the slze of fields fram the
recotd ates by u=lng & Jdifferent Gaka type ta speclify the  key.
Compare the atorage reguiremente af the faollowing data deescripciane:

03 ACCOUNT-¥OM PIC H(1l]. Baguires 11 charackers.
03 ACCODNT-KEY PIC 29(11) CoME-3. Reaqulres & charactars,
3 TOBT FIC 947)Woy. Regulres & characters,
L3 COET-KEY BIC 94{7)w39 COMP. Pequires 4 characters.

The record I/0 interface eubrcutinese allow only three key data Ltypes:
character, packed-declmal, and word or longword bimacy. They do not
gllow atheg types, such as separate =ign, overpunched sign, oI

quadword  clnacy. However, 1f wou use the record 1/ interface, you
can define =zuch keyas Iin the key arca wlth one of fthe allowable bkey
CYPEE. In the following cxamples, the dats descriptions an bhe left

gre not defined oy a walid key type f£or the record 150 isterface
gunIcutineans. The dagba descristiona an Lhe vighbt can be used in the
key area for theae datas items=:

Description in record area Description in key data
PIC 23(5) SIGN LEADTHG SEPARATE PIC E3(5) COME

PID =005 BTEY TRAILING SEPARRATE PI 89(5h) COME-3

PIC S9(1l%] COAP PIC 29017} COmpP=-3

BIC 59(5h) F1C 29¢5) COME~=-3

11.4 EEY BUFFER

The key buffer deacribes each key to the SORSINIT SORT  subroutine.
Define it as 2 recatrd (Cl=level] 1n bhe Warklng-Biorage Secbian,

The [lrst data item in kthe key buffer specifies the oumber of
individual keya: Jefine it as a onec-word COMP daka ltem —— 1ts
PICTURE must be in the ramge 9{1) to 94{4). The following example of
the keginning of & key buffer apecifies that records will be Borted on
three keys:

01 KEY~ELCFFER.
03 HNLUMBER=OF=KEYS PIC 944) COMD VRLIE Is 3.

Foilaow the number-cf-keys specilication with up to ken "hlecks" of key
detinltions. Each block epecifiez cne key field chat you defimed as
key data procceding the recoed area. The bleck oonsists of  f£our
che—word COME data items —— DPICTURE 9(1} to F(4]:

ey type Specifies the data type of the key field.

The *allowlng gata btyvpos arc walld Eor tho. tecocd
I/0 interface:

character [alphanumeric)
bicary (COMEOTATICHALL)
nacked=decimal (COMPLTATIONAL=3)

1
2
4

11-4 30ETING IN & COBOL PROGRAM



key order

gtar

leng

Inh the following example,

The data
for slari

E position

th

items in

tys

nowevery vau gan speclly Lthem az FILLER if

gpecifies the order for soctiny khis key fields

0 = ascending

1l = descending

charactor poditian in the record (nok the  kay
buffer] at which this key [ield begina. Lhe
value af thls data 1tem can range from 1 t2  khe
maximum record $ize.

epecifies the size of Ehe key Fieléd in digits,
for packed-decimal [(COMPTTATTOWAL-3) items, oI in

cnacacter poslitions for all clher data items.

For COMPUTATICNARL items, the assaciated

with FICTURE ranges accs

lennpths

FI2TORE kay—length

9411 o 944) 2

%¢9) to 949) 4 )

3410} ta B1d) cannet D 30Tk Ray

the key muffer specifiss thres =sort kevi,
each key definition block are assigned data-names
you do  nat

need ta ecefer to them explicitly, Sinec fthey are passed a2 2 record Lo

SORFE0RT

IHIT.

HWORFIRG-STORARGE SECTION.

Nl %EY-PUFFER-

03 HNUMBER=OF=EEYLS EIC Si4y ZOME YWALOE 13,

13 KEY-1-Tr¥PE P10 9(4] £0OME VALUE L.

03 KEY-1-0O0RDER EIC B4} COMT WALDE 0.

01 KEY-1-START FIC 9(4) COME VALUE 10,

03 EKEEY-1-LENGTH BPIC 94} DZ0OME WALDE 25.

01 KEY=2=TYPE EIC 94 COME wALOE 4,

03 KEY-2-ORDER BIC 9(4) COME VALUE 1.

03 KEY=2=ST&RT E1 94y CoME vALUOE 1.

03 KEY-Z-LEHETH FIC 94} COME VALOE S.

03 KEY-3%-TYPE BTC 9(d} DOMP VALDE 2.7 |

N3 KEY-3-0RDSE BTC 4{4) DOME YARLOE (.

N3 ¥EY-3-5TART PIC 944) COMD vaLUE 35,

03 KEY-3-LEWGTH PIC ©{4) COMP VALUE 2.

01 SORT-RECORT.

QX SOET-KEYR.
0F KEY=INDUSTRY DPIC X1E5).
05 EE¥=NUMEEE-CE-EMPLITEES BPIC 53(5) COMp-1,
15 EE¥-DOLLAR-VILUME BIC G4} COMP.

03 SORT=DATA. 2
15 NUMHER=DE=-EMPLOYEES PIC 53!5] COMP-3. .
g5 PFILLEE BIC W(&).
G5 IADUSTRY ¢ PTC K [25).
G5 DOLLAR-VOLOME BPIC Y(d) COME. ¥

SORTING IM A COBOL PROGRAM
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11.5 SORT BUBROUTINES

Each of the eubroutines described 1n thia secricn pecforme a separate
and necessary functiom.

The acqumanks ot  eAch  avbrovntine are described as  thoy oogur.
Hawewer, each subroutine zreturns & Jlasgword COMPOTATLIONAL result
value, which your program cap  test to detect  success and  lallure
conditions. The result  Status godes are described for  cach
gubrontine:; Howevery, to make them available to yoor poéoram, ol mUSt
include the peherwiee optional GIVING phrase in khe CALL Btatements.

For example:
CALL "SOR$END SORT™ GIVING SORT-REBULT.

causes the resuikt status for the vieap—up routime to be available ino
the COMEOTATIONAL data icem, S0OET-RESTLT, whilich you have defined in
the Working-8tarage Secktiop wlth a PICTURE 3 [3}.

Sorkting is a set nf logically ardered procedores, each o©wf which i=
performed 1n  VAX-11 SORT by 3 separate Subraukine., Therefaore, the
grder In which you ¢all the Sort subroutlnes is imporkant.

Futthermore, beczuse scrctino is & Seot 9f procedures, you must completa
ane swrt opefore beglinning another. You can have as many saparake
gocts as you heed In e gingle COBOL program: however, if you do not
complere & aequence of sort subroutine calls hefore atarting anothec,
alh errar results.

The following Sott subroutinea are discuseed in che order that they
muskt pbe called.

11.5%.1 SORFPASS FILES

Por the File I/0 interface, this aubroutine passes bho namea of  the
input ang outpukt flles te ¥aX-1l sart.

The general form of the CRLL is:

CALL "SORIPASE FILES"
u=ils BY DESCEIPTOR
Zinput £ilel
“output filer
[GIVING <result etatusx]

Atgumente
input file it the data-name of a data item that contalna the
file apecification {or logical name] <f the input
file.
output Eile iz the data-pame 9f & data item that contains the

file cgpecification 4or logical namec] of Lhe
autput fila.
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RBesult Status Walue=

symbolic
MO RMAL

SORT_ON

Vhi FIX

THCORETE
DPEMIH

QP ERNOUT

Hex
Value

)

lcanzc

1c3na4

1can:zC
1c1i0ac

Iclaad

Decimal
Value Meaning

1l Euccesa,

L3652 A sark 1s already 1a progeess oc
thls ¢all is in the wrong sequence.

13e7B76 ¥You cannok change warlable-length
recorda o flged-length records.

lH6786E Incuonsistent data fur file.
14319260 Cannct open input file.

1834868 Canbat opon aukpot flile.

K1l BME @rtor ondes.

11.5.2 SOCRSINI

T_SORT

Thia subraukine begins a sort. 1t initializes the Sart's waork fFiles
and areas, and it
passen by the program.

interprets  the patametecs {arguments) that are

The geperal form of the C&LL ig:

CALL "SORSINIT SORT™

TsING

“key affer:

Tt LRLY>

[ <file aiza> ]

| <work files» |
[GIVING <result statusr]

Argumenta

key buffoe

LRL

File =ize

is the data-name of the key buffszr, which you
hawe defined in the Working==Storage Secktiaon. The
key buffer is discussed in S3ection 11.3.2.

iz the leagest recocd length - a one-word COMP
dets 1tem, which wou bave defiped ino the
Working-5toacage Section, that specifies the
longest record length {in chareacter posltiawng).
Eecord length does not include the key area.

iz the data-name ol & onfe-witrd COMP data  lkem
that gpecifiee the slze, in blocks, of kthe inpuk
file. Thig argumant 13 not regquired, Dut 1t can
increaee Sart efficiency.
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wark files

that

ia the data-oame <E a
specifies
should wge.
the default iz 2.
a2 a one-bybe binary item;

ane-word COMP data
the number f work £iles the

LEem.
Sort

valir wveluee are 0 apd 2 through 10;

howewver, define 1

The Sart expects this argument

rin

COBOL as a one-word COMPOTATIONAT. item — PEICTUHE
941 Eo H1i4).
Result Sktarus valuas
Hex Decimal
Symbollc Walue Value Meaning
NORKAL 1 1l Suoces=9.
SURT_ XN 1CHG2C 1867870 & sorkt ie already In srogress or this
call is in the wranhg Seguence.
MISS KEY 1C8004 1367730 %o key definitlon specifiea.
Ba0 TYPR lodngd L7384 An imvalid sort pEOCRES wWas
zpecified.
EAD LRL  LCHOEA 1B57208 &n lnvalid LRL was zpecllied.
LRL mISS  LCBOTA 1E6T292 Huw LRI, was specifiec.
BaD FIL® 1CA9EC 167916 Inwalid file size.
WORE TEV  1C40CC l867788 wWork file device not random
arcess ar hat local noede.
VM FATL  LCEOLC 1867604 50RT failed to get needed virtual
MEDMOCY .
wa FaLL  1CBO24 1867312 S0RT falled to get needed working-
et gize.
WX _EEY 1CAgac 186783& Ipvalid number of keys spocified.
Mzt ke 1=-10.
KEY_LEMN 1C80AC 1867948 Invalid key length specified.
411 RMS crect cadea.
11.5.3 S0ORSRELERSE_REC
Tk iz aubhtoutipe passes, Or releases, a recard ko Y¥ax=11 Socrt  for the
recard I/% interface. Belfore calling SORERELERASE_REC, your program
Must constewct the sork kevs in the key data  aEca. Oeualkiy,
constructing  tne keys imvalves nothing more than moving thelr valoes

from the fields in the reeord area to the Elelds in the key aresa. Ao
exception migh% e when you senstruct keys by comblaing data items io
the record area, ar if you compute key valuss in eame othet Way.
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Call thiz subroutine once for each record you want ta ke included In
the aorkt. Thls call is comparable to the ANSL COBOL RELERSE statement
1n an Input Proceduce.

The genceral form of the cell igs
CALL "ZORFRELELSE RECT
O5THG
BY DESCRLPIOE <key datar
[GIVING <rcsult statusk]
Argument
key data 1 kka recocd-neame of the key data area. The key
dets yegord-pame includes both the key data and
the record srea; thetefore, this argument gives
the subroutine all1 the information it peeds ta
accees both the =sort ¥ovs and the data.

Eepult Status walues

Her Decimal
Bymbolic WValue value  Meaning

HCRAML 1 1l 3Success.

EORT_ON 1CHDAC 1867820 A& acrt iz already in progess ar thiz
call 1s 1n the woong seguence.

BaD LEEL lcapba4 18e7908 Record length L5 longer than the LEL
that waz =zpecified to BOREINIT_SORT.

Bap apk  1CBHQ94 18474924 Tnvalid key area acdreae.

KEY LEMN 1CEOAC 1667948 Invalid key length epecified.
EXTEND 1caGM 1887940 Palled to extend work file.
MLE lcagac 16a7%43% Intetngl S0t map error.

NO_WERK 1CHGLA 1B&7786 Cannot sort cakta in memary,
Heed work Tiles,

11.5.4 SORESORT MERSE

Thia aubroutine performs the final phazes of the sort-cerge  process.
For the recard I/0 lnterface, call it once, after the laet recard has
been released to the Sort, and before atkempting to retourn the first
af the sar ted records, For the file I/0 interface, call
SOR$50RT MERCE ocnce after calling BORINIT SCRT.

The general form of the call 1s:
CALL "BORESCGRT MERGE™
[GIVING <result ektatusr]
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Arquments
wone,
Result Stakus Valuea

Hex Dacimel
gymbolic WYalus Value Meaning

HOBEMAL 1 1l Succesze.

SORT_O0 1CHD2C 1397820 M gort is already in progroess, arc
this wall i& in the wrong sSeguence.

EXTEWL lcdoad 1367940 Falled to oxkend work file.

N3 WRE 1Ca0l4 1367796 Ceonot aott dats in memory.
Haed work files.

Map 1C&0GC 1Ba7332 ILntermal S0ct Eap eEIOT.
BRERDERE 1C1dE4 16319284 Cannok read an inpet file record.
WERITEERER 1C10md4 183%316 <Cannokb wrlte an oukput file record.

BALEIBLD LCLwiIC 1839132 Bad data io key Field.

11.5.5 SORSRETURM_REC

This subtoutine returns one record to your ptogram from the Sorct. Tt
places the record in the record arca dats item; it alse returna the
record length.

¥You cannat call this subrootine before calling  Ehe gorE-merge
anbrontine. Call SORSEETURN _RELC onoce for each record tw bha retutned
from the Socrt.

The general form of the call ig:

CALL "SQR$RETURN_REC"
USIMG BY RESCRIPTOR <record area™
BY REFERENLE <tecord length>
|GIVING <regulk statusr]

Arguments
record ared iz the dara-nama of +he ares into which the
retutned record should be olaced., Dswally, it 1s
the game area Lrom which it wau re:leazed:

hawayet, you can epecify anckher deta-name.
tecord lengkch iz the deta-name of a ape-word COMPOTATIONAL data

item ints which +the subtcutine will place the
actual epize of the returned recaord.
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RFesult Stetus Valuaes

Hax bDecimal
Symholle WValue Yalue Meaning
HOREMAT 1 1 BSuccess. & reqcord haz been returned.
EMDCEFILE B0 2160 Ko mote recards to return.
MaP lcaogc 1867932 Internal Scct map ercec.

EXTEND 103094 12671940 Failed to extend work Eile.

11.5.6 BSDRFEND SORT
This subrouting deletes the Sork's work files and relea%os  it3 wark
areas. Yoo mask call BORSEND SCRT  before breglnning another sort;

howevet, it ig good programming practice Eo call this suwbrouotine at
the end of any sort to release work file space and - menoEy.

The genetal Earm af the call is:
CALL "SORLE ['.ID_SCIRT "
[GIVING <ccsult statusr]
hrgumenta
Hane .
Rasult Status Values

Hex Decimal
gymbolic walue Value Meanlng

NORMAT 1 1 Supcoess.

CLEAN DF 1LEOSd 1E679868 PFalled to delate work £iles
) and reinitialize work area=s.

11.% PROGRAMMING EX2MPLE

The program in thiz section reads a Seguential mailing list file,
attempts to detect duplicates, and wreites s new file. - It wses the
rocord I40 interface Sort technique, afrer conatrocting an artificial
identification kev, ko return identically-keyed recocds tegether, ap
they can be coppared. After it writes the new flle, the program - uses’
the file I/0 loterface ta sort the file inke lks eriginal order.

Jdne of Ehe sort keyes (subecription stacrt dake) 1g epecified as

de=scending order, because the deslgner &ssumes  that the earliest
record is probally thoe mest accurate. '
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The comparahle ANSI-74 COBOL SOBT modunle statements

COomme

u
+

nta for comparison.

IDENTIFICATION DIWISION.
PEOGRAM-IL.
MLLST.
LATE-WRITTEnN.
LATE-COMPILEL.
ENVIROMMERT DIVESIOMN,
COMFTGORATION SECTION.
SOUORCE-COMPUTER. VAX=11.
UBJECT-COMPITER., Var-11.
INPUT-0UTELT SECTION,
FILE~CONTROL.
PELECT MAILIMG-FILE
ASSIGEN TO "MAILLISTE.
SELECT MEW-FILE
ASSTIGHN TO "MEWLIST".
SELELT SORT-FILE
ASSTGH TO "ES0RTE™.
DATE OIVIGETON.
FILE SECTLON.

*EL SORT-FILE
* LLBEL EECCRNS ARE OMITTE
*]1 S0ORT-REC.
Ll QX E5-BIP
* 03 S=LAYT-HAME.
* 0% S-MAkE-]1
* 0F H=HMAME-2
* 0% FILLER
* 0t S-NAAG-4
* QL FTLLER
* 03 S-FIRST=HAME
* 01 S-STEEET,
t Ns S-5TREET-KEY
x 0> FILLRE
* D3l S5-CITY.
* 03 S-CITY-KEY
* WS PFPILLER
. 91 FILLEFR
* 01 B-STAET
FOh MAILING-FILE
LadEL BRECORDS ARE STAMDA
U1 MAILING-REC.
03 MAILING-KEY.
Q5 FTIP-CORE
0%  LAST-IANE.
07 LAST=MAME-CH
05 FIRST-NAME
QF LSTREET
s SITY
(3 &TATE
03 EBURSCRIP-S5TART
11-12% BSHOARTING IN A COBRDL PROGHAK

0.

PLC

(= i
PIC
2IC
FIC
BICc
EIC

FIC
EIC

EIC
FIC
FIC
FIC

kEa.

FIC

& E

JaILe

5] .

Fi(5).

OCCURS 1€ PIC X[,

pic
PIC
FIC
E1C
BPIC

X (18] .
L20).
XE207.
T
SI6).

included

a8



FDh  HEW-FILE

LaBEL EECORDS ARE STAMDRRO.

N1l MEW=REC BPIC XLHS).
WOREING—STQRAGE SECTION.
g1 MRILIMG-FILE=ID BIC X(A) WALUE "MARILLTIST".
gl HEW-FILE-ID PIC X(H) WALUE "KEWLIST".
Gl FIRST-IN FIC X(A5] waluke SPACES.
0l FIRST=-KEY.
3 FIRST=CCMPARE PIC Xi{l14} WALUOE SPACES.
03 FILLER PIC Xif) VALUDE SPACES.
01 SORT-RECORD.
{11 SORT-KEYS.
05 ¥EY-2IP PIC B9ih5) CoMp-3.
05 TMNAME-ADDRESS=-GROUE.
07 EEY=LAST.
0% EEY-LAST-CHAR
OCCURE 3 PTIC X417,
a7 KEEY-STREET PIC #(4;.
07 EEY-CITY PIC x(4).
05 FEEY-START BIC G(&).
03 SORT=DATA.
5 LAST-INWN FIC XIEBL].
o5 LAST-XEY.
37T LABT-COMBRRE PIC X(l4].
37 FILLER BIC XiA).
Nl KEY-BUFFER.
03 MNUMBEE-OF-KEYS PIC H944) COME WALOE 3.
03 FPILLER PIZ 944) COME VRLUE 4.
3 FILLER FIC S44) COMP WALUE 0.
03 FILLEER ) PTC S44) COMP VWALUE Th.
03 FILLEE - PLC 3{4) COMP WALUE 3.
D3 PILLER PIC 904) COMP WALUE 1,
03 FILLER PIEH&[%] COME VALUE W.
03 FILLER PIL 974)] COMP WALUE 1.
03 FILLER PIC % ([4]"COMP VALUE 11.
13" FILLEER BPIC b[4] COMP ?ﬁlpﬂ 1.
03 FILLLER EFIC 9[4] CCMP ?ALUE“l.
13 FILLER BIC 4[4} COMP VALDE Bd,
gz FILLER PTC 94} OMP TALDE 6.
0l ORIGINAL-KEY-BIUFFER,
3 FILLER EIC 8(4) SOMEF YRALOE L
33 TFILLER BIC 9(4) COME YARLOE L.
0% FILLER BIC 9d4) COMP YVRLUE (0.
03 FILLEER PIZ 9(4) COMP WRLUE 1.
03 FILLER FIC 9(4) COMP VRLOE 77.
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* % 3+ = % 3 * % * &

1ll=-14

11 EESOLT~STAT PIZ S4A) COMP.
d8 SJUCCESSFUL WVALUE 1.
g8 END-5ORT WLLUE 21%0.

*l LRL PILZ 9{4) COMP VALUE 105,
1l RELD-LENGTH PIS 3{4) COMP.
1l FILE-STAT PIC 9(1) YALDE Q.

HE ENDFILE YALTUE 1,
01 DOPLICATES-DELETED PIC 9[6)] COMP VALUE d.
0l DISPLAY-DUPLICATES ©PIC TIZ, ZI9,
01 DISPLAY-REETULT PIC 934{3].

PROCEOURE TIVISION.
MAINLINE SECTION.
SBEGIN.
OFEN THFUT MAILING=FILE.

S0KT SORT-TFILE
ASCEHDING S=L1IF
5-HAME-1
S5-NAME~2Z
&-NAME-4
F-ETHEET-EEY
E-CITY-KEY
DESCENDING S=START
INFOT PROCEDCRE SET=AMDL-RELEASE
CUOTEPUT PEOCEDORE BEETUEM=-ANLD=-WEITE,

CALL "SORSINIT =ORT"
O5THG
REY-BUFFEER
LEL
GIVIKG RESULT-ETAT.

IF HNOT sSUuCCESSROL
DISPLAY "INIT=3{0RT ERRORY
B0 TO ABORT-RUON.

PEREOEM GET-AMD-RELEASE
THTIL EWDFILE..

CLOSE MAILIMG=-FILE,

CALL “50R$50ORT MERGE™®
GIVING RESULT=-3TAT.

IF HOT SUCCESSFOL
DISEFLAY "SORT-MEEGE ERRCE"
GO T RBORT-RON.

OFEN QUTPOT NEW-FILE,

PERFORM RETORMN-AND-HRITE
ONTIL EWD-50RT.

CALL “"SORSEND _SORTT
GIVEIMNG REESULT-5TAT.
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IF HOT SUCCESSFUL
DISPLAY "EHD=-30RT ERROR"
G T0O ABORT-RUMN.

MOWE DOUPLICATES-DELETED TO DISPLAY-DOELICATES.

DISPLAY DISPLAY-DUFLICATES " Duplicates deleted”.

CLOSE MNEW-FILE.

GORT EORT-TTLE

ASCENDIHNG S-ZIF
5-LAST-NAME
S=FIRST=NAME
5-5THEET
G-CITY

USTHG NEW-FILE

GLVING MAILING-FILE.

CALL "SORFPARS FILES"
U5ING
BY DNESCRIPTOR
WEW-FILE-ID
MLILING=FILE=ID
FIVING RESULT=-3TAT.

IF NOQT STCCESESFOL
DISPLARY "PARS-FILES ERRGE"
G0 TS REORT-RUA.

CAhLL "SORSINIT =ORT"
usSInG
CRIGIHNAI-KRY-BOFTER
LRL
GIVIHG RESULT=-STAT.

IFF KOT SOCCESSFUL
DISELAY "INIT=-S0ORT ERRCR"
GO TO BRBORT-RIM.

CALL "SCREEORT MERGE"
SIVING EESILT-ETAT.

IF HUT SCCCESSEUL
DIZFLAY "SORT-MERGE ERROR”
G0 TO ABORT-RON,

CALL "SORSEND_SORT®
GIVING RESULT=STAT.

IF MQT EOCCESSFOL
LISPLAY "EMD-5ORT ERRORM.

STCP EHK.

BORTIRG IR A CCBOL
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GET-ARRD-REELERSE SECTLION.
EBNGIH.
MOVE SPACES TO MATLING=REC.
READ MATTLING-FILE
4T EMD
MOVE 1 70 TITL.E-5TAT
G0 TO 3Ex1T.

MOVE MAILIMG=RES TO SORT-DATH,

HOVE LABT-WMAME-CHAR (1) T EEY-LAST-CHAR
MOVE LART-MAME-CHAR (@) T3 EEY-LAST-CHAR
MOVE LAET-HAME-CHAR (4) T0O EEY-LAST-CHAR
MOVE STREET T0 KEY=3THEET.

MOVE CLTY TO KEY«~CITY.

MOVE RTP-ZCODE TO KEY¥Y-SLE.

MOVE BORSCRIP-STHLRT TO EEY-START.

MOVE WAME-ADDREGS-GROUER TO LAST-KEY.

o
Lt g el
S
" = om

x RET.EASE SORT=-REC FROM MAILING=REC.

CALL "SCRSRELEASR RECT
O5ING
BEY DESCRIPTOR EQRT-EECORD
GIVING RESOLT-S5TAT.

1F KOT SDCCESSFTL
0ISFLAY "RELEASE-REC ERRDR"
GO T ABORT-RUN.

EEHIT.
EXIT.

RETURN-MHNT-WRITE SECTION.
SBEGIH.

* RETURN S0RT-FILE INTD SCRT-OATA

* AT EWD

* MGVE SPBRLCES TC LAST~EEY

¥ GO TO COKPARE-KEYS.

* MCVE {data to keva far camparlsaen] .

CALL "SORFRETURN _REC™
TSING
BT LESCRIFTCR SCEL-DATA
BY BEFERENCE REC-LENGTH
GIVING RESULT-S51TAY.

IJF ENL=50RT

MHOVE SPACES TO LAST-EEY
G0 To COMPARE-KEYE,

IF NOT SOCCESSEOUL

DTSPLAY "BETURK-REC EREOR"
LEI TO ABORT-RON.
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COMPARE-KEYS. .
IF LAGT-COMFPARE NUT = FIRET-COMPARE
HEE PIRET-COMPARE NOT - SPACEE
WRITE MEW=-REC FROCM FPLRST-IM
ELSE
IF FLRAT-KEY HOT = SERCES
anlx 1 ™ DUTPLICATES-DELETED,

MOVE LAET-EEY TO FIRST=-EEY.
MOVE L&SF-IN TO FIRST-IN.

JEXIT.
EXIT,

ABORT=RON SECTEOM.

SBEGIN.
MUVE RESULT-5TAT TQ DISPLAY-HESQLT.
DISFLAY DISPLAY-RES[LT.
STOF RIUN.

SORTING INM 2 COBOL PROGRAM
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CHAPTER 12

151N THE LIBRARY FACILLITY

The VAX-11 COROL-T4 Iibrary facllity allows vou to copy CORJL  sSoutrce
Language kext from a lilbrary f£ile 1nta your COBOL program during
compilegtion, One COPY statemant <can Loclude large amounts of library
goyurse kext in B program, eliminating & greac desl of repekitions
coding and the errore thakt often go along wikh it. The rcompiler
breats the copled text as if it were a pact of Ehe source program;
howevet, the copied material does not change kEhke souroe progecam file
im any way.

The COBOL library facility provides tws impattant besefits:
l. 3tandardization of File and Coding Conventions

A data file is wsually peocessed by more than one pEogram.
Each of those programs must descrlbe Ebe choracterlstics of
the EFile; %uch as flle-name, blockipo factor and reegcard
descriptlons. The programs are often written by ane
ptogrammesr , bhen maintalned and updated by anather, Because
1t 1 eoften dlfflewlt for a progremmer  ta underetand a
program written by someone else, many organizations design
and ¢ode standardized {1le descriptione, then kesep them in
COBOL Libratles; programmecs then COPY the file deccripticns
intg their programs, freguently without having to undercstand
[&r ever know) their dekails.

Thie technigue also eppliss to Procedure Diviaion code that
i5 wused in many different programs. For example, a librarcy
cauald contain a8 atandardized routine to caonvert calendar
datea to Julian dates, or to formet arandard report headings.

2, f#Saving Time end Reducing Ercore

Defining and coding file and record descciptions 2te  both
time-copsuming and EIERE-PIUNE activities. HWhen the
deacriptions already exizk in COUBOL libraries, wyou can @asily
COPY Etbem into a source program;  vyoud Save time because you
don't have tp code bhem again, end vyow avoid potential ercoes
in ce-entering complex code.



Changing the format of a file is anockcher COmmoT
time-consuming chore. When a £ile format changes, you
usually muzk change and recompile all programs thatk uwse the
File. Tf the flle description ia inm & COBOL library, only
the library must ke changed; individual programe often then
ceed only recompilatien, since the library coding changes are
included by the COPY.

Putting commonly used Procedure Divislon <¢ode 1o libraties
vielda the sams benefite.

12.1 <Creating a COBOL Library File

Each line of a COEBOL library file must form syntactically correckt
CCBEOL  text when it i= merged into the source program. It can meek
this condition by being itself syntarctically correct or by becoming
corvrect when Lt is mecged wilth bthe source program.

Library text must copform to the rules for khe COBOL aocurce teference
format: for example, library text that will appear in Area & of the
saufae progeam must be in Areda & Lln the ltbrary file. You can write
library text using either the conventional format or terminal format:
hawever, the libtary text Eormat xustk be the same as  the source
program inkto which it ig marged.

12.2 The COPY S5tatement

COPY iz a compller—dicecting statement that mecges a CCBOL library
file 1into & COBOL scurce peogram. The simplest form of the statement
ies

COPY Eext—name.

Text—-name must e either an alphanumeric literal or a file mname,

Femember that +the COPY statement mus: end with & terminator perlod
tegardless of where it sppears in the soutoe program,

If you specify a literal, the compiler wueee its walue ae a file
spocification: thorefore, you can include or emit all components of
Ehe flle speclflcation that are allowed in the WVAXSVMS command
language, such as device, directory, file type, and vecsiecn number.
The only reguired camponent 15 the File name ltself,

For example:
Copr "[ACCTLIB1ACCEFIL.XYZ:IT.

canses the compiler to accees wersion number 3 af the £file LCCFIL.XYE
in directory [ACDCTLIB, o&n the default device.

if you use a file name ip the CCPY statemenk, the compiler wees JLIB
8& Lhe default file bype,
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Faor example:

COPY ACCOCHT.

cauges  the zompiler to Accoss

lataske vermlan of  Ehe Eile

ACCOUNT.LIE on the default device and direckory.

Dnly four condltions require the ose of the alvhanumeric literal o
Indicate the full €ile specification for the copy statement:

l. MWken the £ile type i3 othet tham .LIE.

2. When the library file is not on the defaultc dewice.

3. When the library file is not in the defaonlt directory.

4. when the dafault Jdircctory canktalns more than one vecslon  of
the library file and yuu want to copy a wersion okher than

the latest.

Figure 1Z=1 demansktrates the use of

the COPY stakement teo Incluode

Ptécedure Divieion cade. HNoke that the format of the licrary text ia
maintainegd wheo it 1% inciuded in the source program.

COBOL Scurce Program

PO

PROCEDURE DIVISION,
START-PROC SECTION.
BEGIM~-PROC .

LECEDPT TC-DATE
FrOoM DATE.
OPEN=FILES. COPY OPEHF.

OFEN I-0 WOEK-EILE.
IAPUTL-LO0P.
READ COST=-FILE ...

Library File (OPENE.LLIB)

PEM I-0 ORDORS.
GET-wERSION.

LISPLAY "VRRSIOWZT.

LOCEPT YER=NUM.

CPEM 1MPOT COST-FILE.

FEesulting Zgurce Program

PROCEDUORE NTVISICON.
START=PHIC SECTION.
REGIN-PROC.,
ACCEPT TO-DATE
FEOM DATE.
OPEM-FILEH. COPY OPEWE.
*
OPEN IEFDT CUST-FLLE.
OPEN I-0 ORLDERS.
GET=VEHSION.
NISPLAY "VERSTONT".
RCEREET YER-HTM.
IF WEH=HNCMA NOLT HOMEERIC
G0 IO SET-VERSION.

DOFEN [=0 WOEK-FILE.
I8PUT-LOOE.
READ COST=FILE ...

IF VER-HUOM ®OT KUMERIC
GO TGO GET-VERETON.

Figure 12-1 HMerging Libracy Text
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The COPY statement can appear anywhere thak a COOOL word i3 gllowed in
& SBOUlce RpLOgQIram; therefore, you can use it in many ways to salye
different problems. For example, if a likrary file c¢alled MTG
contains the single entry MORTRACE=PAYMENT=RMOUNT, it coculd be copied
In the Data Division:

Sourge Statement: 03 COPY WTG. PIC 994%y5%.
Reanlting
Source Statement: 013 MORTGAGE-PAYMENT-AMIONT BIC 994yag

ot in the Procedure Division:

sourea Btatamenk: MOLTIPLY COPY MTGE. BY 12
GIVING ANNUAL=PRYMEMNT,
Besulting
Saurce Statement: AOLTIPELY MORTGAGE-FAYMENT-AMODWT =y 12

GIVING LNHMOAL-FPAYMENT.

The periods following the COPY statementa in thess examples do  not
become patt of the source text. If the library text requires
punstuation, it mast be included in the library file.

KOTH

The two pteceding exapplez are nok
recommended uvuses of Ehe COPY statement.
They are included only to illusktrate the
mechanics &f the COBOL library Facility.

12.3 The COPY REPLACING Statement

It 1z gometimes fpecessary to cailer library £ile text for wuse in a
perticular program. For example, 1f a record description in a libraey
file has Ievel-numbers incrememted by 1 (01, 02, 03, ...) &nd you want
them to he ipcremented by four (01, 05, 09, ...), you can change the
level-numbers as the library ktext is merged 1ntg the sSource progcam.
puring the <copying process, the COPY statement can replace all
occurrences of &4 literal or word wikth an altermate literal ar word.
Far example:

COPY RCCTREC REPLACING G2 BY 0L,
03 BY 0%, 04 BY 13.

This sample etakement cauwses the compller to scan the file ACCTREC
tearching for the character=string 42, Wherever Lt finds a 02, the
gompiler subatitutes 0E. A& match occurs only 1f the compiler finds a
uds na match ogcurs for 8 0 or & ¥ alene. The compiler folleows the
same procedure for occurremnces of 03 and 04,
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The following examples COPY the library file named NHEWEEOY, which
contalng thls bext:

a1 A,
02 B PIC 99,
N C PIC %9 walug 2.
02 © PIC %(5) VALUE "ABCDE".
02 E BIC 99785 VALDE 3.75.
Dz ¥ PIC 9% VALTE (2.
Example 1
Stakement:

COPY WEWSEQY REPLACING B BY X.

Resunlt:
ol A,
02 A PIC 9%,
g2 ¢ PIC 9% VALUE Z£.
02 b P10 %(5) VALUE "ABCDE™.
N2 E PIC o99vV9D YALOR 2.76.
0z F PIC 9% WALUE Q2.
Example 2
Statement:

COPY NEWSBOY REPLACING 2 BY 6.

Hesuler
nL A,
0Z B BIC 93,
02 ¢ FIC 9% VALUE &,
g2 D PIC X(5R) VALUE "ABCOE".
02 E PFIC 99YV99 vALDE 2.75.
D¢ F PIC 99 VALUE Q2.
BExampla 3
Statement:

COPY NEWSHOY REPLACING 02 BY 3.

Hegulkee
0l A
&34 B PIEC 99,
&3 [ PIC 4% WALDE 2.
63 D PIC X{3) VALUE "ABCDE".
83 E PIC 4wovad VALIE 3.75.
A3 F PIC 99 VALUE 63.
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Tn the laet examsle, level-nusber 02 was chenged to  level-numbet B3,
which is not legzl under COBOL rules; therefora, althcugh both the
COPY etaktement and khe library text arc Syntactically weorteg¢t, the
merged text is incorrect and would gqeperate Byntax ercors.

The HEPLACING chatacter-string can be & literal or a word: it muet
CUDPALE egually, characker far character, wlith the entlre
character=ptring in the library text. Tahale 12-1 illusktrataa the
resulits aof same character=efring comparisons.

BEPTACTHNG Literal

or Ward Tibrary Text Makch?
"sBCT "LECO" ™o
HEALY=RALE HRLY =RATE Toe
1 1 Y=g
man 2 Bl
. 15" "15" Ho
"QLrzT ryian Ho
niz iz No
SUTTRMALT SUBRTRACT YeE
Hpyan np12t Yes
ACCT RGCTL M

Tabkle 12-1 CQUOPY BEPLACLHNG Matches

12.4 The Sowrce Lieting
evending on how you write the COPY statement, library text can appest
aither before or afkter the COPY statement. The compiler normally
grints a line of source text when it scans to the end of the line;
however, when the compiler recognlies & completed COPY stetement
before the end of the Line, it locates the libktary file, then:

l. Prints the libracy taxk,

2, &Scanse the rest of the source program line.

3. Frints the eptire goorce line.
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Thus, if the source line conteine a COPY etatement followed by other
text (including spaces), the compiler prints the library text hefore
the acurce line containing the COPY  atakement: this 1esultz ir 3
gsomewhkat confusing listing. ¥ou rcan cavee the compilet to produce a
mote yeadable listing by making sure that wou write each COPY
etatement asz the last entry on & source progeam Line.

12,5 Commen Errors in Using khe Libraty Facility

Some of the mare common error® to  aveid when using  the llbeary
Facility aTe:

- Failing to follow the rules for the COBCL reference Farmak
when creating the libracy file.

-y Merging a Llibraty file In one format (conventional or
terminal] with a Source program weikten in Ebe ather.

. Forgetting ta ond the COPY statement witn a terminator
period.

& [nadvertently defining data-names in the source program  whop
ithey are s&lsa defimed In the library file, thus causing
dupl izake names.

- Writing libcary £file Etext thatk becomnes syntactigally
incorreckt wher 1t 15 meroed with the eourge program.

L Mrrging the wrong  library file, either hbecause mopltiple
versiona oxlst, or becawnsEe of misspellings.

® Writing asurce text Fallowing the COPY Statement on the same
ling, thus causing confozion Lln the source progeam liektiog.

® Fotrgetting chat numeric literals (such as 02, 77, ...] usad
in the REFLACTNG opkion replace Yevel-nombers, pictuce
deactiprions, and paragraph ot Section names, when they finpd
makches in the liorary File,

* Forgetting that & period must appear in the kibrary f£ile if

1t it to appear in the source program; the terminator period
tnat ends khe COPY statement ig replaced by library kext,
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CHAPTER 12

OPTIEIZATION

Cptimlzatlon 15 the process of designlng or  altering o program to
minimlze gpace allocation or erecution time, or to achlevs  an

effective trade-off betwoeen the bwo,

This chapter provides guidelines for optimizing performance of COBOL
PICQrams. It emphaepizer techniguea, controllable at the CORDEL fowrce
level, for optimizing file design, progcam aorganizartion, and
camputation. Mapy COEOL programs make heavyy use <f  [1Llea I/0.
Coneeguently, your methods af deeigning, populating, and handling
files can either enhance or undermioe system pecformance.

When optimizipng COBOU programsz, &im to mipimilze IS0 activlty. You can
accomplizsh this Ly the way you design files and structure your
program. Youtr answers to the fallewlng auestions should  influence
vour cholee of Flle ocganlzatlon, tccord type, buffer size and number,
and yout progacam organizakion:

1. What kinda of T/0 operaticns pte nege3a8TyY to  procese  khe
dara?

2. How can you best place I/0 operations in the pecaracm?

3. How shonld wyou structure the file? Are multiple access keys
NECE&EAIY Wi desirable?

4. PFor each file, pre fraguent rvecord oupdakez apd  ineercions

Likely, ar will file cgontents remaln celatively for
absolutely) stable?

¥gu can alsa influepnce computaticnal perfocrmance, egpecially by
formatting data tao avoid data rconversions and wutilize fast,
speclalized computatlocal rouklnes of the compilore.

The Eallowing sectlons descrlbe cach of these optimization technfigues,

NAOTE

For more information oo aptimization
technigues you can uae through Eecord
Kanagement Services (RMS] farilitien;
refer to appropriate RBEMS documentation.



13.1 OPBTIMIZING FILE DESIGH

This =zeg¢tion describesz the effect of file design on performance. The
following suggestions apply to any bvpe of flle organization.

1. Preallocate the entire file, contiguouagly if posaible, uqeing
the /AC0:n ar Jab:n file switch [(=see Table &-2) ot the BMS
LEFIHE utility.

2. Select & suitable default extend guantity when wou create kthe
file, wusing the FEX:n file switch pr the BEMS DEFINE utilikey.
(Refer to BMS docuncntation for & deseripbkion of defaplt
extend guantities and the BRMS DEFINE uklliby.]

3. Fnaw the relationships between recard slze and {1le storage;
and try to define a record eize suited for efficient atorage
and retrieval.

4. 1U=e Cthe S5AMAE RECORD AREA clause to =ave comguke Elme  and
conserve addresg apece,. 1§ records are belny oopied from one
file to amother, and bath filee skare the game rtecord area,
ne MOVE statemant 15 needed to méwe record images bektween bwo
regoprd areas. The dissdvantage iz rkhet tecords  Erom  bath
files camnot Be available simultanecusly anlees one is moved
ko a work area. (Be careful oot bo ¢onfuse the SAME  RECORT
AREA and HAME RREA clauwses; they appear similar, but have
different effecte.]

13,1.1 EBeguentlal Flles

Beguential flles have the aimplesat etructure and Lthe [(ewsst aoptians
for detinltlon, populsatbion, and nandling. You can reduce the nomber
of disk accesses by keeping record length to a minimum,

With a seguential disk file, you can uee Lhe multli-block roagd  and
welte faclllity o create a larger buffec area. To uee thia facility,
specliy the BLOCK COMTRINS n CHARACTEERS clapse in combinabion with

DRGAMIZIATION IS5 SEQUENTIAL. Tf wyou eomic the BLOCK COMTALHS n
CHARACTERS <lause, the BME default agpplies.

13.1.2 Eelative Files
For relative filem:

l. &Sclect & record format and =ize  thar minimizes Lhe emphy
apace remglning In each revord position and each bucket.
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2. 1If yon ecreate the {ile by usaipng +he BRMS DOEFINE  ukility,
celect a2 rveallstle madimum  record nombker. Akl attempt ta
insort a record with a number bighoer than  the maximem will
taill, Before inz2erbing such a reqord, you maet redefine and
repapulace the file.

1. Ee aware thak, befure writior a cecord inkto a relatlive [lle,
F¥5 muel have formatted 81l buckets up to amd including the
bhucket into which the record ikrserbkion will ococor. Thus=,
write operations have variable response times, dependlng on
whotiee prellminary formatting 18 reguired, and how wmuch.
You might conslder writing the hilghest-numbeved recorpd flest
ko force formattimg af the entire file only once.

13.1.3 Indexed Files

Indexed files have the greatest potential for inefficient u=sage.
Therefore, cavelully consider haw wall the design ard u=e of the f£ilea
mar ints the application. To do this, vou musk first understand  bhow
indexed files arc crganized and processed,

e the name soggeets, a2n indexed file contains, besides data records,
pelnbet lnformatlon to facilitate access to khe cecords.

411 data records and record pdlntees ace malntained in storagde  unlts
called huckets, The hucket i3 the baelc retrieveable element of an
indexed file, Te cpanalsts of an lnkegral numbhsr af  ¢gontiguous
hl2-bvtk= phyeical blocke, and the nomber of physical blocke is known
as the burket size.

Every indexed f£ile must have a primary key: a field in the record
description  that contalns a unlcue value For cach individual record.
When BME wikiltes reocords lnks the Indexed [ile, it arranges  them in
collated =squence, according to increasing primary key wvaloe, in &
secies of chained buckets. Thus, you <a&an  acoess  the recatds
sequenktially, Lf vou wish, by specifying ACCESS SEQUENTIAL.

Az RM3 wriktes the records, it construcks and malntalns a tree-1ike
structure of key-value and locaticon pointers.  (See Figure 13-1.]1 Each
alement oF the Ipdox struckture 15 a bucket, and the buckets are
structured into a nierarchy owf levels. The hilghest level of the index
con3ists of a 3lngle bucket, called the ceot bucket. The root bucket
contalng  locatlon polaters to buckets ak khe next lewer lewel. Thus,
RMES grane one noecket ak each level of the index for & pointer ko a
Sucket  at Ehe next  lewvel, untll it reaches the boktom level of ehe
indexj the bo*tam lavel ig called the data lewel. 1In a primacy Key
index, this level contains the actuoal daka recards of the Indexed
file. The buckets in =ach lewel above the data level are valled ifdex
burkets.
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Figure 13-1 Three-Level Frimary Eey Ipdex



REM5 alse constructs an index for each alternate key that ywyou defline
for the file. Like the primary index, alternmate key indexes are
contalned in the File, Howewver, alternate key indexes do not contain
actual data tecords et the data level; instead, they contaln peinkere
to data recorde in the data level oF the primacy index.

durcessive levels of an index are nuebered. The data level ol the
index ie lewel zero, and the numbee of levwels above lewel zero is the
index depth. Thus, the level nuwmber of the coot hucket eguale the
depth of the index.

Esch randam accesa regquest beoins by comparing a socclfie key waloe
against the entries In the roat buckek, Besking the firat emtry in the
root bucket whose key wvalue egquals orf ereeeda the value of the access
request key. [Thi= aearch is always Successful, becauvse the root
bucket'= highest key value iz the bigheet poseible vaslue that the key
fleld can contaln.] Aeving lacaked the proper key value, BHS uses khe
bucket pointer associated with that value to bring the target bucket
ot the next lower level intec memory. This precess io repested for
each level of the index. BM5 thug scacches one bucket at each lewvel
of the imdex until it reachea a target bucket at the data level,. AE
this point, the desired data record locaklon ie determined; an
eXisting data recoerd can be retrieved or deleted, or a mew Cedatd
written., Duplicate ceimary key wzlues are not allowed; 1f a cecotd
imgertion wauld eause a duplicate primary key value, the attempted
weite causes an exception condition.

There may oe lnsufFflclent room in a data level bocket to accommodate &
new recard. Wwhen thie ocrurs, REMS ipSarks a new bpckek in the chain.
moving enough records from the old bucket to preserve Ethe Koy walue
aequence, while making rpom to write the new te¢ord, This action is
knawn as a bucket split.

1n aummary, each index of an indexed fllec provides the mechaniam for
random  accezs to yegaorde, Zequential access to . cecords i3 alea
pussibla, because the records of the primery index, or pointers of an
alternake lndex, are collated in ascending key value acder.

13.1.3.1 General Rules Ffor Indexed Fllasz - Yoo can agply the
following general rules for lndexed flles at the COBCL source code
leval.

1. While alterpate keys are often vgeful, the more keys wyou
defline for av Indexed £ile, the longer =ach WRITE . AEWRITE,
oI DELETE operatiaon takes. However, mulitiple koys have
little effect 9pn READ timing zand provide multiple access
raths. Thus, they are most useful for Files thak ere Dat
subject ko fregquent addlticnz and updates and are acceaeed in
many Aifferent progeamsa,

2. EBelect hucket slzea that reflect anticipated file activity

arnd provide a auitable depth of index structure, [See
Section 13.1.3.3, TInded Depth.)
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3. Avoid excesgive duplicaticn of key walucesg, COBCL does npot
allow duplicaktes on tne primary kev, but parmits then on
alcernate keys.

The follewing subsectione deal with the specifica of inGeted file
de=ign and creation.

15.1.3.2 Buvket Size - Bycket Size selection car Influenee incexed
File pecformance mackedly,

To EMS5, buckek size ia expressed a3 an integral number of gphyaica)d
blogk=, each 512 bytee leng. Thus, a bucket size of 1 epecifies a
312=byte bucket, while a burket gize aof 2 speoifies a 1024-pvke
bucket, and =o on,

The COBOL compiler pasaes buckck %ize values to EM3 based on what  you
specify in the BLOCK CONTAINS ¢lavse. There, you indicate buckek aize
in terms of recorde or gharackers, oot physical blocke. AE A [DODRL
user  woncecrned wikth file optimizetion, vou Shouwld be aware of the
machanism by which COBIL record amd file deecriptions are used ta

darive bucket siges: so thabk you cen predict how BMS will treab your
file degrripticn.

If you express bhlock size in recarde, the bucket canm in Eeome cases
contain meore recogds than you specify, but never fewer. Por example,
a3sume that your Eile conbalng fined-length 1l00=-byLe regords, and  You
tall for each bucket to Sontaln five recorde, a2m follaws:

BLOCK CONTAINS 5% RECORDS

This might =eem o define a bucket as a SlZ-bytke hlock containing five
tecords of 100 bytes each. [owever, the vompiler adds EMS record and
bucxet overhead to each buekat for oontrol purposee, as follaws:

Bugcket Overhcad 15 bytez per bucket

Recoard Owerhead 7 bytes per record (fixed-length)
3 bytes per record (varlahle-leogth}

Thus, in the example, buckot size 15 calculated as Fallows:

Bucker Owverkeard 15 byieo
Becord Size i= 104 hyies
+ 7 oytes Recaord Overhead
frr =ach af 5 recards
Total Becord 8pace ie {100 + T]1*5, ¢ 535 bytes

Toatal Bleck egpecified by yaee 550 bytes
Becauas phyalcal bleocks are 512 bytes long, and bweckets arc always

Bpme  inkegral numger of phyaical blocks, the smallest buffer possible
(the RME default) ie this case is twoe physical blocks (1024 bLytes).
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EMS, bowever, 1z not keyed to the BLOCKE CONTRING <lause from which
this bucket epecification wae derived, and puta a3 many records as
will fit ioto cach buckel. The bucket actwally wiil <ontain nine
recards, nort five.

The CHAPRACTERS option of the BTOCE  CONTALNS clavse allowd you  Eo
speclfy bucket aize more directly. For cxample:

BLOCKE CORNTATNG 2043 CHARACTERS

Thls calls [or a bucket size of four 3l2-bvte physical blockas. The
number of charactere in a bucket iz alwaye a multiple of 512, TF you
specify a valuc that 13 not a mwltiple of 312, BMS raunde it tao the
next higher multiple of 512,

13.1.3.3 Index Depth - The =ize of date recorda, key fields, and
buckeks 1n the [1le determines the depth oF the Index. Index depth,
in turn, detecmines the number af disk acceeses required to rettleve &
particular record.

In general, performance is best with ap lpdex depth af 3 or 4. L1
ghallower index will reguire fewer accesses, but will redouce available
address space because wf the lerger buffers reguired.

13.1,3.4 0Owverhead Accumulation - In Selecklny a bucket size, you
chould conzider khe likely freguency of rcandon insert and delete
aparationsa.

Wheo a record is insectod, there muat be sufficient roem ln the oucket
ke contalsn 1%, Qrherwise, a bucket s=plit occure, Bucket splits can
canse accumuliation of sktorage overbead, thereby reducing osable space.
Tha naw hucget coctains ceconcds noved from the origimal bucket (Zee

Seation 13.1.3) to mzke raom for the new record. Fotr each record
moved oot af the arigimal bucket, a seven-byte palnter Lo the new
location Sor that record remaine in the original  hbucket, Thus, a

backet couid accumulate overnead from bucket spllts, poesibly reducing
uwsahle space so much that it can no longor receive record insectlang.

Recard deleklana aleo can accumclate  Staraqe  overkhead. Cnder mest
ciroumstancas, however, mest of the space thet was occoupied by the
crlginzl repard hkheecomes awvailable for reuse. Because duplicake
primary keye are not allowed, BMS cen reclaim all but two bykes of the
deleted regard sgace. Thls kwo-byte field iz a flag Iipdigating that a
rec3rd ha3 bBoen deleked,.

There are several way$ +a  desl with the problex of  overhead
arcumulaktion. First, determine or estimate the Erequency of certain
operations. I1f, Eor cxample, vou expect only 100 records of & 100,000
tecord file to be added or deléted in an average month, your daka base
is stable enough that vou might decide to allew some wasted space from
record additions and deletiane.
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However, if yoon expect [(regquent additions and deletiona, +ry  the
follewing:

1. Choose a bucket zize that allows for overhead accumulacion,
1f posszibsla. hvnid burket sizez khat are an cxact or near
multiple of your record size.

g« Ta optimize for recard ingection pecformance fas oppoaed to
sepace aptimtzation); EFlest define the file with a £ill number
[uzing the EKS LREFINE utlliby oc a4 MACRO program). A FEill
numiart  specifies the number of bytea in Ehe huckets of the
fiie that wou want La contaln record information when  the
file is populated. Then, zopulate the flle, Speclfying the
S0 awikch [gee Tanle 6-2 or EMS utilities documentation).
Thereaftar, Lhe waused space is  availahle [or record
imsertions, with minimum bucket splicting. Make cereazin that
Fraogtams perfocrming such record imsettions 40 nok sSpecify the
LT Switch.

13.2 OPTIMIIING PRUGRAM ORGANIEATION

Frogram crganizetlon can  influence I1I/0 pecformance greatly. This
section suggests gquidellnes toeward an efficient pregram steuckure,

13.2,]1 Seguential Beading of Indexed Filas

If you  ageess an  indexed f1le Seguentially, and the file is
wrike—schared (ueing the (5H swltch}, performance improves L yow use
CPEN I-0 inetead of OPFEN INPUT. Tsing QPEW I-0 implies a poeaibiliey
that yoo will write to the File——even though you heve no intenbion of
ribicg 0.

keading from & (ile that is open far input-ouktput improves pecformance
oy locklong the bocket, allowing you to obtain sebsecuent recoards [rom
the same bucket without reresading ik,

13.,2,2 <Caching Index ERoote

EMS reguirez at least bwo buffers to procesa an  indexed file. Each
buffer 1= large enough to contaln & Single bucket. IF yonur CQBOL
program Jdocs not contain a RESERVE n ARTAS clause, the compiler allows
EMS to set the defaulk,

By Including a RESERVE n AREAS clause in the SELECT statement for a
file, wou can create additional (bot nor fewser) buffers for the
processing of an indexed file, Ak run time, BM3 will retain {cache)
the rocts of one or more lndeses of the file in memory. The random
acceds of any record through kthat index will then regulre one lese I/
operakion,
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The following rules apply for caching index coots:
1. The file must not be shared at funm time.

2. All#écate one buffer £or each key Ehat your program uses Lo
acoess file records, in additicon t£e the twe reguired Lbuffers.
Fotr example, 1f the flle containe a primacy key and LCwo
alterpate Kevs, and wou uee all of these keya Lo accees
recoeds, allocate a tokal ol Five huffers, TF you Jse  aoly
ape  kay b0 accesgs this file in a program, you need only ono
additlanal bhuffer srea, or three in all.

3. Usc kEhe RESEBVE n AREAS <lpuse kp obkbtain this alloszeion,
where n iz two meore than the nomber of distinet keys wsed oo
acceps2. Foar example, the £lavnse EBESTIEVE 5 ARERS rcautes
allocation of the two rcegquiced bullers, plus three bnffer
acteas for cachling the rocts of thres distinct file ceccess
kevs.

13.2.3 HMulti-block Reading and Writing

The multi-Elack read and welte Eacility appliss arly ko gequertial
files on disk devices. Tk pllowas reading or writing of mars= than cmne
Sl2-byte block at a time durisvg a single 740 operatian, redocing  the
nymber af I/0 eperaticne needed to process & £ile. However, the
single buffer used to proces:s the file must be cofrezpondligly londer.

To wae thia facility, be =zure the file has SEQUENTIAL crganization and
resides on disk. Then, in the FD entry for the (lle, specify:

BLOCE COMTARIMNE n CHARACTERE
where n is a multiple of 512Z. Each multiple reprezenks the number of
physical blocks to be read or writtien during esch accese of the file.

IfF ot I3 not & moltiple aof 512, che compiler rounds the size Eo the
nekt multiple of 512,

13%.3 OPTIMIZING COMPUTATION

On grithmetlc (ALDD, SUBTBACT, MULTIRLY, LIVINE, and CUOMPOTE] ard data
movement [(MOVE] operations, the compiler generates wmare clficlent,
speclalized code if:

1. The data ltems lavelved in the computation  [including the
recelving fielde}l have tEhe same type and scalino.

2, Tou gmit Ehe BOUMDED and S1S5E ERROR phrases.
J. LIHEASE SECTION data is oot lavelwved in the camputatiam.
Alsa, in the case af COMEOTRTIONAL data, the daka items must be the

same eize. Otherwiae, the compiler uses slower, geteralised caode.

OPTIMIZATION 13-9



Certain data types allow faster computation than others. The data
types, 1n order of most efficient to least efficienk, are:

Signed COMPUTATIONAL
Uneigned COMPUTATIONAL
COMPLITATIONM, -]

LISPLAY

COMPUTATIONAL deta ltems can be ane, twe, or four worgs long  [See
Chapter d4). To increase the efficiency of the genereted cade, define
COMPUTATTIONAL items with the zame epize; if necepsary, make =some itemasa
larger than you otherwiee would., COMEBOTRTIONAL daka items can hawve
differenkt PICTUORE specifications and &still be the same size. Itams
with PIC 9{1] ka %[(4] agre Jl-ward binary; with PIC 9(%) o 9(9),
2-word binary; and wlth PIC 2(10) ¢ 9{Li), 4-word bipacy.

on COMPOTATIONAL-3 (packed decimall ot DISPTAY data, aparations &rs
moast cfficlent when perfocmed on daka items of mioimal size.
Dlfferent data eize does not farce bthe aee of Jenetrallzed cade with
these data Lypes.

The following sltuastions alss force the use of generalized code, as
oppoaed ko more effiglent ¢odo:

1. Hog-matcehicg decimal point alignment among the operands  and
receiving fields,

2. Qae of ehe ROTHDED at SIZE ERRDR options.

3. Data iecems defined in  the LINEAGE SECTICN of Lthe Souros
program.

Generalized code ie necesgary on LINEAGE SECTION daka  items, bkecaonse
their addresses are not known ak compile tcime.

The followling example 1lluetretea the dlifference In execubion bime
betwaen specislized ADD code and the generalized ADD ceode.

0l A PIC S549(4] USAGE COMF.
0l b PTC 5% (4 USAGE <OMP.
nl i PLT S80(4)y USAGE COMP.
a1l E PIC 59(4)v3 USAGE CCHP.

0f the followlng bEwo ADD statements, statement {11 typlcally orecutas
A0 to 40 times fasater than statement {2]:

i1l ADD A B GIVING C.

{2} ADD A B GIVING E.
On MULTIPLY and DIVIDE pperatione, decimel point aligoment hae a
different meanlng than fer ADD and SUBTRALT ovperations. Assumity chat

the data types fte Ehe ggme for all ltems lavolved, ke compilor uses
the more &fficlent <codo LE:
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i, ©Oo a MULTIPLY, the product field scale fackor equals the sum
af the acale foctors of the multiplicand and moltiplier. For
ax amyple:

0L X PIC 53{4)¥8 (2] USAGE CUMP.

ol ¥ PIC 53741%¥5 (3] USAGE COMP,
0L 2 PIC 39{g1V9 (5 USAGE COMP.

MOLTIPLY K ¥ GIVING 7.

2. On a DIVIDE operablony the guoetient scale factar sgualzs  the

dividend zeoale factor minua the divisar scale Fackor. For
example, ugfing the data descriptionz from the provious
exzmple:

DIVIRDE * BY X GIVING Y.

When defining dakta o be used as  subscripes, l-word algped
COMFUTATIONAT. 18 the mest efficient. Try kLo avoid roelfoerencing tables
Ay lndexes unless you need o perlorm relative index referencea.

The 03¢ ol arlthmetic expressionz incresaea use of temporary storage.
It algc generates larger operands, and can cauge the legs-elFlelent
ganerallzed code to be used unpecessarily. Aveld using the COMPUTE
verch, and awaild uslng arithmetic expressions when apecifying
telational conditions.
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AFFPEMEDIE B

THE ©dbol PORMAT

COBCL WOTATICHN USED IN FOSMATS
a migrlined upper=uate words [key words] — regulred words)
» Lpper-case wards [nob wnderlined) - apticnal words;
& Deder—cpse wards — gencric betme, MAst be suppllied by the weer;

® Prackete [' = enclosed particon is optipmal: 1f eawveral enclos=2 words ara
vartically stacked, cnly ene al them nay be yead:

s Braces {} - a ==leczion wuet De nade [rom the wartical stack of anclosed wards:
® Ellipseis ... = The positinen gt which repetlbiioh may oopour:

& Jorma and aerdoclon = apklonel punctuatiam

w FPerciod - reguirecd whare shown ln the formate.

B3

i
I

zhadad items represent PLEP-11 C008AL extoosicong o the ANS=74 li=t ot
ZOBCL Formate.

JIAERTTRTCATTION DIVoSI0N.

PROSRAN=ID, Erogyaf-nams.

[ADLiNCH, [conment—paeryr] ... ]
[IMSTALLATIO . ccomment—entrr] ...
[CRTZ=KE=TTEL: . cwoome=nt—-entryl e .. ]
[CETE=CCMPIZED. leommenb=entoy .., ]
[SECURTTY. [zomment=entry]...]

EXNTROMHINT LIVIS IO .

CORELIRLLITON SRCTTON,

SOUR - COMP IR R, Vax-11.

WORDS
CEIECT -2 PUTER. Vhi-311 MEMCERY ETET jateger CAARACTEERS
MODULE S

[BRLUGRAN DOLTETINS SEQIJE['}:E IZ zlphabat-nama]
[SESHENI=LIMIT T4 gegment=nwiker].



[EPRTTRL-NAMES .,

[CAED-EEADER IS wiemonlo-name-L%
[CCWS0LE IS rhemcnic—nams—2]
[LINE=FRINTER LE mnanonic-nane-3]
[PERPER=TAPE—PLTALE I TMREMILL C—Tame—4d ]

[PAFPF=-TAPE-AEALLEH E mress:ieaeggmes= 5 |

I'&m'rrm-: integer=1

HET IVE
STARDAMD-1 }
[CURRENCY &ICN IS literal-1]
[CECIMAL~BOIRT E oA ] . ]

[Ll_:-]'.abzt—na:l.e Iz

[IKPUT=CUTEOT SECTION.

PILE-COtTAAOL, L File=control=ertiey . ..

Prorpat 1:=
SELECT [CPTIONERL] fila-nams

Assitd T0 literal-1

ARFA |
ASERH

[s CRIANIZATION IS E'ELIEH'ID.L]
[fp ACCEES MCDE- IS EEEEEIGTIELL]
[; FILE STRIUZ I data-name—11 .

[: REEFFVE integer=1

Fobmat =2
SELECT fila-nama

ASSTE T3 literal-l

- . | AFER | |
TN -
1 ALSEENE inbeypr=3X - -

h

1 CERGRNISAILICH IS HELRTLIWVE

E»H'E'I'_'HH'J.'J.P.'_
| TAMDTH

3 ROCESy MUDE IS
| AR

l; FILE STATUS IS5 data—-name-2] ,

A-2 THE COBOL PORMATE

off STATUS 5 onnditicon—oame—l
DFF STATIE I8 conditioo—name-2

[2FF ETALIE b corditicr=nars=2]
[LH STAIUS I8 condlilob=name=1]

[, BELATIV. EEY IS5 dalg=name=1]

LELATTVE. EFY T% Sata-name-1

]



FoImat 5

SELECT fila-aane

RAEELEN 10 liteTal-]

4
. AOER
HEZ BAVE -
r i intager=1 L.EEP.S]J

r DREANIZATIIN IS THLOERED

—

1 ACCEES MUDE IS TAKTICH
AYRAMTOC

5E -'IJE.."‘-JTIJ'-.L’

b

i BECTFRD ¥EY I3 data=-nam=—1
[; ALTEFMATE REDJIRD ¥EY T2 data—nanc—-2 "KTTE JIPLICARTLS]] w e
[ PTTE ZTATUS T3 data=rpme=31

[I-0-radTROL,
[GEME [FECORL] hbkn ¥aR file-name=1 {file-nare—2),...1...

[MULTIPLE TILE TARE oOWTATAS file=name=3 [POSITI0M intoger-1]
[file=nzne=4 [POEITICH inteacr-2]1...]...

[nI-E-J..r ERINT=CONTROL oM File—namm-3 [fila=name=gl... ] ... ]]

DATH DTWTS IO,

[FILE EECTIoN,
[FD [ile-iame

2ZL0EDE
BLUCE. COMTATRE - ME - EoiUHRE
E [integer=1 T2] integer-2 {:ELM‘.:'J.'HE_%}
[FEQDSD COMTAINS [ TR | E] intagar=4 JEHAsRCrESE]
RRCAOSD T4 | STAHDARRD
LABEL | ReruAns P.ELT.} | CKLTTEL
[ data-isme=1
oF ID I3
praa o= 1p 13 {Ea 0 |
[ EECORL: L=
o —_— . L | - -
__'u!.rp. TECOEDE ARE dala=jiame-1 [HAata-name=4] ... | ...
data=ndme=5 - ]
LIKAZE IS I.at“ ==l Lines WITH FOOTING ap | SaTa-raue—5
— integar-a —_— inteqer==&
- s 7 - -
LINES AI' TGE data-nama—1 LINES AT BorrToM datar-asmme= -‘
—_ Integer-T | —r——— integor-£

[COOB-XET IS alphabet=rnare],
[recari-doscrintion=entbry] s laeel
[WORELNL-SIORRGE SECTION.

{T?—JE‘JE l-descripslan=an I:.r'.-f:l

resard-descriptian—ansry ==l
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TLiH=pys ECCTICH.
[ 77=Llewvel=de Ecrj.ptil:'ﬁ—nnt'r?]
Lrecord=descriotian—zntoy R |
Cata dessriphinn ontey:

Foerral 1:
Lemapee ] wrpimlos r ;;:E;Mﬁ_l ]
[EERFETEEY dakamiaue=7]
i [ ;.I[Eﬁ 1% charactur-g Lr.iJ:‘lg]
p— - rd - —
COMTTTATT ORAT,
CoRm
[F15LLE 221 o l:!\_..'!l!.l.-'—""i X
. nisPLiy
DISPLAT=F
CISELAY="7
u | IHDEX )]
r [8IGH 3131 {'ﬁn—rﬂl&t:l ISEFAIRTE [EARALTER]
[ [evvoHmorTIRG b ] Lo
{ﬁ_'_| | RIZIT J
[ | TUsTTETER |
_{E——_"_J FLGHT

[PLAKE. WIIEX ZERJ]
[VRIE I3 1ilkerall
i inLaner=1 T+ Lntager-2 VTLMES LEPENDING OW data-name-3|

g . =
[_:ﬂ-:tlﬁ lhkteqer=+ TTMES
[Hﬂ} EEY 1% dmba-ramess [-:Jat:-—namn—f-h..J van
LINCEXER AY index-nerme—1 [inGex=name—2] ..“]] .

format Z:
66 daza—puare-1 ZEHEMEDS data-nane—2
TIRCOGE
THR[C cdatn-name-3 |

Pormzt I

VALUE IS . {[H . i
60 condition-nams: -I :,_:'qu:_ anE litpral-1 E[T’HEUGH} lLtt:ul—EJ
. THROSH | . ) ) |
[11.1:51'&1 i [{T-d\'.u i llceral J!J] ars om

THOCEDUSE DIVNISIAH (L5153 |daca=name=1][,data="1ace=2] ...].
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Parmat 1:

[:_IEI:']'_E]?_P,'T'T‘-'E.:-T..

[zecTion-namr SECPIOH [ seygment—oumber] o declarative=senience
[paragrapr-nam=. [sestercel o] aua ] naw

END Lz LnEATINES. |

{srctionename SECTION [@agment—nurkar].

[DaranEaTit=name, [50nTonee] e le -4 Faas

Foenat 2:
|paragrarh-nans, [aontonoe! . .. Tone
STATEMENTS

ACCFET idartsificy [FRUM rmoemonic—rame]

' CATE
ARTEF identifier FolOM CaYy
TIME
200 {i':'e"'tiﬁ“"'“ [“?E“t"f"“'z] e. TO idenTificr-m [ROUNDED]
—_— _1_11'.4_:1'.;1-1 litereli-2 —_— —_—
[idersifiec=b0 [RIMKEED] ] .. [ SZ2E ERROR lmmerative-ptatamsnt]
identilier~1 } laentitler=2] [identifier-3
A0 . ke
—_— likgral=1 Literal-2 literal-2

GIVING identifier—m [ROUMZwD]  [idertifie-or [ROUNDEC]]| ...
[o] SIEE ERROR imperalive=atatemebt|

CORREST LML TG
TORR identifier—-1 TC identifigp=2 [ETDET]
' 8Ldy EREOR imperative—stateoment]

AOD

ELTZE procedure=nare=l T2 [CROCRED TO] procedure=aanm-2
[procedure-nans—3 i [EROCEZN E'I ]_:mnr.dl;l'r:n—naml:—-d-]a+-

litoral

II BY YALUE identifier-1 [identifier-2] ...

LT,
j[m' FEFLEENCE
EY DESCRIFTOR

HY EHEFEZLHCE .
BY WVAILE l3enptifler—3 |:j.|:1.-=1'|1::'|.f:i.|:::—-l1-I - ‘e
BY DESCEIPTOR

[zIvIfc identizier-i]

| EFL | i-'.ur'm B REWTED | ﬁ.—‘.ET.i WITA %0 RERTHT
e | MIT | |FOR REMIVAEL . THIT FOR RENCUAL
CZARE i la=nane=1 —_— —_— filo=pame=-2 " — —_— I
Lok ri n wopy | BE EEWIHD wypy ) WG EEWIND
L * | LK |
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COMPUTE identifiar=1 [BOUOHDEL] [identifier=2 [BCIGED]] ow .
= arithmecic—awpresaler [OW SISE EEROZ Irnmerative=siatfement]

DELETE filas=fane SECORD [19WALLD EZY ipperatiwe—statamnent]
ldentifier=1 ideneifies-2

NIZPLAY . . i~

= {lltaml-l } [lltEIﬂ 1=2 }

[UFCH nnenonic—nama] [WITH KD ARTARCTHG]

DIVISE [ if:::‘;fi :’:_' INTY icentifier—2 [ROUNDED]
[identifier=3[BMDER]] ... [0M SIZT ERRGE imeEcratlve-abatemsnt]
identificr-1 | cdentificr—2 ,
T “TUTY= - LT
CIVIDE 1 {itarni-1 INTD -I litoral_? ] CIVINE Ldentllier=3|RoUtDIn)

[identi Figr=d [BOIHCEC]] .. o ION EIEL ERRCLR imferakive-scatement]

| identifier-1

‘dentifinr-2
T = . SIVIN: ciliwr—3 |FCUNCED
CIVIIE 'l Litecal-l o [11tcr’=l—2 ] IVIN: identilier-3 |FCINECED!

[identiliep=4 |[BOTHGEL] ] oo o [OH EIZD ZRRCE imperabivre-scatement]

tifiar- identi€inr—2
LIVIDE ldentifier-1 o [2OERETEIRTE STYTHS 1ldenlilier-3'RIGEDED)
_— litrral-1 _ litpral-2 | e —_—
BEMATMCER ifenrclfier=4q(Z SIZE ERDRCR lunperatl-e=glatesuni]
ldantifigr-1 |ifdantifiar-2 . . _ . -
H Yy =1V el sarel
CuvInk et ) 11 earaloz ] IVING idesbiliersI ROUEDES]

RAEMRIMNEER icentifivr—qd [y El&d: BARLR imperntivo-stazomons)
EXIT [PRIGERM]

LD TO [procedorc—oame—1]
T procpdurc—name-1 [procedore—pers—2] . g procednme—name - DEPEHNDLZSE OF idenzifics

|2

r
-

ranz=1i L L

| wtatereEnt-1 | |_I'I.!.=E statoment-d
KEXT SEETECE | ELZZ NE4T SENTERCS

TASTECT 1denzific:-1 TilorING

| ALL | |'_:E|.'||:LE:'.Hr-3| - . .
‘i:]u:‘n‘.il’im-i 7o ][|[.F'.n.|JT=.'J:':_I [ itural-1 |]. ['35_-.-,5'F| ETCTIat |i‘-"-'--r“'-"1l]

TR T | LI=E=Es ) Mite-gi=r |

INSPECT -ionkiiicr-1 RIFLACIWG

] -] Wy - -] e . P
CHRRMCTLRE BY 1denzilivi=g | SR | IHITIRL [ iAeutifier
_—— = Tozales | | azee | | lizwral-3 |
I & | Lagn bl 21.20=31 [RTEN iI'il-'-Fl E-ET.I"FI iRl Tiars T ]_
Py TEA AN L g - l ske l — —-rmen -t Y
e |litkraled | — likcoal-d | arcp | lizarsi-a J
FIEST _—
_I_I\ELEF‘.EI.":T' LdenblZocr-1 TALLY IR
T | ligenzcfume=] .
ek fier=3 LUGE o4 | HIRNIRE-| | libcxal-2 | | EZMCZE | e jreonTitdos—d |
CIhEAC TSRS . | &Frea | = AR N
REFLACING -
. 1%Ll P oer=£| BRI ] ideos ot ier—=" l
CHABLATIERE EY —_— IHTY 1R
A = | liter=l-1 [ |_l|£':I:F. 1 |1 raxal-5 |
[ T T T T ey - A el
LInoING :.'T""'L"";' | e "_'f"'r'_f"il |—'__,":'_i‘-|. Sworiar lidEmiEaties— l
ETEaT iteral=: . — 1 zera -4 | larTER | |liceral=2 I-j
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idenkliler=

MOVE {li:eral

F

CORRESECHOL NG ]
COAF

identifier-1

. v _
murreny | 7eon

1 } ™ ldentifier-2 [identifier-3] ...
ideatifier-1 T Ldepnblfisr-2

} E ldentlflar-2 [FOLEOED]

[ldentifier—3 [ROUHCECD]] ... i0M S12K ERACK impercsl lve=atatement]

BULTIPLY 1 likeral-1

id=ntifier=1 BY id=ntiliar=2
} —_ lituerpl=2

Jl LIVING fdenklXler-3 [ROCHGCER]

[ideakifiar=4 [ROLMEER]] ... [OW SI3E ERBCR imperatiss-statemenk

TAPYT filo-name=1[WITH A% BEWIND]

STEN 1 T-0 filo—narme—5 |FLlebameen].. .

DATEND Eile-pame=7 [flle=name-5]1...

File—name—2 [WLTH KO REWIND])...
UTFUT £ile—name-3[WITE WO REAIHD] [file-rame-d4 [WITO XSG REWIND]]... srs

THRSUEU | procedure=namsE—21
PEFRFOEM procadarc—name=1 THRD
THL NI GH rnl:r'.i:'ure-:u.mr-_'-E- ldentltier-1 -
PRRFORM procedira=Tame- 1 |:Il W]I F {i.ntr.-gcr—l IIDKES
PER=VIAM pracedure=namea=1 r{%} Procadila=nqie= 2 LBTIL ~andition-1
L. -
THREGE
FERTORM procefdurc—name-1 H THED } Proceduro-name-2
. adentitier—13
iamr—-2 ;
— _1-:lentif4-a1' FRON e
e — indax-nam=-1 —_— literal-l
| {densifigr—4 _ ..
- tian—1
2y { literal-Z } TKTZT condition
. - jcjarciiicr-&
J— identifla r—; | —_— index—rame—d
index-name-3 | = |iliteral-z
- idepkifier="t NTTL comdician-2
= 1iteral~4 —_— T
a - & {dentificr—2
EH P 2= =
FROM index—narn—6
[MTEE Jl L“ﬂ“'m""a'f’l —  |Litarzl-s
iﬂentifier—lﬂ] - s |
o - - INTIL canditicn-3
= Literai-& —_— J

FEAD Sile—name [3EET]FBOORO INTCS :sertaz—er] [l [TH] imEerabive-ykalamere]
READ film=pupe FECCRO[INTC Zgentifier] [IWYALLIL EEY lrpRratd vA=rTabemenk]

HEAD fiia-nome RECCRO[INIYG ‘Zenkifiecl [EEY T3 doaza-nanc! [ IBWALIS ELY Lrgw: abBf sarakatonert]
FEWRITE record-name [FI¥E idankbifiar! [INVELID ¥E¥ inpacative-sta-emeot)
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.I iduentifisr-2

ZERRSH idonbdzcr-1 rv:.m‘:r}: : |] [T EME dmmarati waralatenmakb=1]

|inlex—rame=-_

imperative-scatoment-2 |

WHEX -1
HEM condltlon KRKT SENTENCE

. Impevative—gtatenent=3
[WEH conditlon=2 [ d ! }] P

HEX'Y SZIZMLE

ELARLH ALL i€antifigr-1[ET ZHC lererative-sta=wmeac-]1.]

du*a—rane-1 ldentifier—23
IS EQUAML TO
- {IS _L ] literai=1
WEFK oLt Lor—name—1 arithmetlic=gxnreagian-1
[ R ideneifier—d
dua-nam-—3 r;i %I"U'F:' TC"} [litnm]-z
JibD aged , . aritometlc-axpresy icn-2
| pcomditleimpjgmu=
| imzerative-ctatement-2
HEXT SENTENCE
gy |Mentilles-l [Laentifier=2Foae) iﬁ:g;f;ﬁ:;
| index=n1zne=1 [index=name=2] ... = 1.
intagar=1
Sk {Tide%=Tiatme=1 [Zodmx—nama-5] ... { =L EY } LaentiZiav-4
L _'!:]Ii'i'-il Er integor-2
IS Egnl 0
TR =
15 CHEEATEA THR
START rile=Tame ¥ - P A data—nanc
IS NOT LESE ThEAR
L3 N0T =
[THVALID ¥EY lnperstive=gbatement]
Rty
ELE { llteral?
. . . . . identifler-3
identifigr-1 idantifier=2 by
STRING im-_u:u-' J [1:‘.1—.-::.,1] 5 ] e+ LELINTTED EY  {literal-3
- : SIZE
. . . - - idenkifier=Ff
idertificr-4 idantifiar=t
{l:L‘L'e-:l:a.l—d } [l:i.tr_-ral—i ] ser LELINITHR E¥ (li¥eral=g b
SISE
IHIMC idontifier—7 [WITHA POINTER ldentifier=A]
[dH SVEHFLOW imperatisssatatemant]
SUBTRACT [;f::‘;;liipl} [i'ﬁ:ﬁﬂfgrﬂ] «es FBROM ident1fler-m[RODNDED}

[icentifior-n[HO0UHDED] 1, .. [ON S1EE ERLCE impetatlve—atatepant]
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SUETRACT Jl tdentifier=1 } I:irln.—.ti fie:-z]

idonti Fiar=y
- FHOM
litaral-] literal=2 —_— { }

litersl=n
GINING Sdentlflar~ni5300OED? [identifier«o[A0OKTED] Ju..

[OH SIEE ERERCR imperative-stacenent ]

{-::E:izgmu'nrm identifier=l FROM ldentifior-1 [BOUKDED]
[oe2 iﬂ.'@ lnperaclve—statemonc]

STETRACT

VESTRING identifier-1

vtifase-2 tdantifler-3]7 +..
DELLEITED E¥ [ALL] {icﬂertlflar ][ Ak ol ] -!

litaral-1 [E'-Ii [ALL) liceral-2
tHTO identlfier~4 [DELIMITER IN identiflaer=5] [COUNRT I identifier-6]
[idmpksfler=7 [OELEMITER IH ide=ntiliet=8] ICOTUMT TH identifice-31]...
[WITI POINTEE idenctifi=r-10] [TAlL¥ING IN ldent]fisar-11]

{0 CVERFLOW imperatlve=gbatemnent]

flle-mame-l[file—dane—2] . a

IWNFUT

USE AFTER STRNTIARD 1@ PROCEDUBE D6 QUTELT
ERRLR I-

EXTEND

WPITE reookd=name [FAOM identifier—1]

ldentifior=2 LINE
— s :'J -
{ ITTEE I ADAANCTNG lnteger LINES
[PRSE]
[T { -E—Egﬁ-ﬂ} imporative-statemant

WEITIE recordename [PRCM identifier] [IMVRLIL ¥EY imperatlws—statem=nt]
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ARFFENDIX B
COMPILER. TMPLEMEWTATION LIMITATIONS

Thiz appendlsy descelbes the loplementation limitarions for the WVAaxX-11
COBAL-74 compiler system [(compiler and BTS). ¥ou should nobt conluse
the term "limitation™ with "restclctlion®. A vestriction ia a language
facility that is not implemenked or shaoald pot be usaed doe bo known
errors in its implementation. An laplementablon limication guantifies
the limite of & language Feeility that ia supperted by the system.

Practicel implementationm limitations exist in ewvery oompller; They
result frem the finlte =ilpe of compller tablea, compiler aata
struckture representatlons, and ao an, Since the WVAX=11 COS0L-74
compiler employs a Virtval Memocy System to Suppotct many compiler data
structvres, the guantities Spocified fat game implementation
limitations are approximakbions. Howewor, 82 & Jeveral rule, the
following guidelines should bot be exceeded in the dJdevelopment of a
COBQL prodgteam.

TMPLEMENTATINN LIMITATIONS

1. The Data Diviaion aof a COBOL program cannck be  larger  than
65E hytes, A File description entry cannot be lacger thee
12K boytes,

2. A DISPLAY skatement <annal contain more than 18 scnding
operands,

3. The mavimuom number af datarpname deficitions s & COBOE
program iE approximabely 2000,

4. The maximum number cf procedure-name definltlabs in & COBCL
program is appeodloately 2000,

5. PBrcausc flle descriptian level-nombers can range fcom 0L ko
4%, Jewvel B8 condition-names can have no moer Ehan 50
qualifiers (FD throudgh 49),. Data-names declared in the Eile
Section  caw have no more than 49 qgqualifiers (FD thrawgh 4B .
bata=~names declared in the Worklng-Gtorage and Linkaye
Bections oan have no more than 48 gualifers {91 — 4&),

6. A GO T TNDEPEERIMNG =tatemenkt can have no meis  than 16
ocperands.






APFEHMDIX C
ROTRCE PROGHRHM LISTIMGS

This appendix contains qompller jistings Foar twoe COBOL proorams. The
fiest, STATE, czlle three suchprograms; the zescand, DICATS, 1s ane of
the zubprograns.

The examplee demonstrate saome af bhe foatures ofF VaAX-11 COBOL-T73, such
as;

» The COPY statement
. The COEPY REPLAZING statement
- The CALL s=tatement

- The tegults af using the JSHAF &and SVERB LOCATIONW oompller
gualifiers

Thé circled pumbers on the sgurce listinga indicats lecatores thakt  are
anngkaked 1n the text.

source Llsting Features

(1)- The version af the VAX-1l COBOL-T4 compiler.

= The spurce file, including file type, atr extenaian, anéd wverzian
numbice .

Date and time wheo the compilation began.

- The compller command line. The contents of the command line can
help €0 explain why the listing looks like it does and how tae
pragram tuns, Far example, thls commend line  shows  that  the
AVERR_LOCATION and /MREF gualifiere were used.

OO ©
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The IDEWTIficatlion numbesr asslagned by the compiler. This opumber
fidentlFfles the specific compilation of the pragtam and ia uzged ae
an additional identifier far the object modonla.

Sourge line number assigned by the compller. This number ia used
in RTS ortor message displays to indicate the locaticn st which
tne gprar  was  detected. It alse appears in eIror mesoage
displays that show nested PERFORM:E.

Sequence number. If kthe source Flle uwaed conventional forcmat
[/RNEL_FURMAT) , the seguence field {positions 1-%) appears here.

Source text. This area cofitalas the text that was processed Dby
the compller. 7f a line of text was too long, only the patt thaet
appears here was procaased. The compiler alsc prints &
disgnostic messaqe when it truncates a8 line of source fedt.

Tdentification fleld, I1f the =ource file owged copdentlonal
format, thie area would centain the  idengificarion  £ield
[poaltlons 731-80).

Identifies a sourca llne thak: a) conkains a COpY statement, oo
h] wae caopied from a library file.

COBOL werb [appears only when /VERPE LOCATTOM guoglifler is  used).
Identifiena Ethe COBOL werb that is referred to by the othet
entries on the llaa.

Segmenkt number [(AVERD_LOCATICH gualifier only). Identifies the
program S@gment, o PSECT. Hotlce that this is nok Ehe BSECT
name: 1k 12 & capzesutive nomber aseigned to all procedural
FEECTS  during compilation and duplicates the fegment pumbers in
ather progrcama.

Offeat (/VEFH LOCATTON gualifier anly) ., Gpecifien the
hexadecimal offset ([(distance) from the bheginning of the eegqment
fer Ehe abiect gode genergted by the COBOL werb [(number 11}.

0of feet [/VEMB LOCATION gualifier only). Speclfles the
heraderimal offset in hexidecimal bytoes from the beginning of the
pragyam entry—point {ETATE) .

Compiler diagnostic geverity code. Describes the sarfliousnesse of
the compiler diagnostic. thie diagnostiec ls "informatlional®,
which meane that the compiler can take corcective action.

Dlagnosakic spource Yine number. Identifies the sourge line to
wnich Lthe diagroatic applies. in this case, OPTIOHS-MREEAR isg
defined as larger than COSTOMER-FILE-ID; therefore, truncation
LICUL 5.

Compiler diognostic oumber., Identifies the specific diagoosztic.
Use thiz nuober to find & descripklon of the diagnostic in
Lppendix D.

Diagnostic message. A one—-line description of the condition,

EONRCE PROGRAM LISTINGS
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Oata Map. TDescribes the data-names and [1le-npamea used  in the
program. This section appears only if the /MAP gqualifier iz
wsed.

Lewel,  Contalng the level-indicator ar level-number of the item,
An b preceding the level indicgtes that the data-name is a
Linkage Secction item.

Mame. The Tlle-name or daka-name.

Source line. The lile-name ot data-name 1z defined o thie
enuree line In the Data Divizion.

Data Diviaion location, ITdentifiee the hexadecimal wffset of Lhe
flle or data-name from the beginning ofF data PSECT. For Linkage
Section data-names, the offset is from Lhe Ql-lewel.

Directary lacation, Identifies the hexadecisal offzet aF the
data item'e deseriptor. Far Linkage Section date ltem=, the
offeet 'is from the Dl-level. The BRTS u=Ees  the deaar ipkoer  to
operate on a dakta ltem.

A directory location that contains aeterisks indicates +har  the
compiler did nut generste a descriptor becaunss the data-name was
not used in tha Frocedure Division.

USAGE. Corresponds to the USAGE clause or implicit usage af  the
data item descriptilon. The fallowlng abbreviatbions are psed:

Diap DISPLAY
CMEP COMPTITATIONAL
CHP3 COMPUTATIONAL-Z
INDX INDEX
Clazs, Identifies +the COBIL olass of tha dakta iteT, The

compiler determines class  from the PIOTDRD or lewel aBanciaked
with the data-name. The following abhrevistions are used:

MLPHA Livhahetic

BT M HMumer ic

) Rlphanumeria

LHNEDIT Alphanumer e Edited
HMELIT Numeric Ediced

Occurrence level. Thdlcates the mnumber of Subscripts necessarcy
to refer to the data=name,

Length. Specifles the length of the data ltem in decimal bytep.
Procedore Hame Map. Deactibes the procoedurs-names that appear in
the program. Thisz secrtiaon appears only If the FEAP gqualifier iz

uged.

Procedyre-name. Thls is the name as it Bppracs in che Procsedure
Division.

SOTRCE PROGRAM LISTINGA =3
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Baurece line, Identifies the =sdurce line 1n which the
proacedure-name ia defined.

PSECT. Identifies the name of the executable code PSECT (program
gection} in which the procedure—name appears. FSECT name
consiste of the first 11 characters of PROGRAM-ID [padded on Ehe
right by "8" if 1e3s than 11y, followed by a three-dlglt number.

pffset. Speclifie=z the hnexadecimal offset  (distance) of the
location of the procedure—-name from the beginning of the BFSECT.

Segment-number. Corresponds to the segment-number in the Theader
for the sgectlon in which the procedufe-tame ApoeRTS.

seckian. An  ="3" indicaktes that the procedure-name is a
section—name.

Paragraph. B "P" Indicates that the procedure-name 12 &
paragraph—name.

Segmentatlon Map. Deacribes the segmenktakion Eor each Procedure
Bivigien sectlon, Thia map appears only when khe JHAP gualifier
iz used.

Sectlion Wame. The name of rhe section as it agpeatrs in the
Frocedure Division.

Segment-pumper. The segment-number sSpecified in the sectisn
header, or the implied seqment-numberc 00.

PSECT Hame. Indicetes the name of the procedural PSELCT generated
far the secticon. If the gencrated code exceeds the code segmont
limit, the compiler generaktes additional PSECTSy; Eheir names are
displayed beneath the first.

The size of the procadursl PSECT Iin hexadecimal bytes.

The size of the procedural PSECT 1n Jecimel bytes.
Compller-Gensrgted PEECTA. Describes kthe procedural  FEECT s
genecaked by the compller (/MAF gqualifier} te poovide run-time
axecation inltialization,

PSECT name.

The size of the PSECT Lln hexadecimel bytea.

The size of the PSECT in decimal bytes.

Referepced RTS Routines. Lists the names «f all Co8JL ERTE
rautines i /HRE gualifier) thakt are referengead by ths

compller-generated code, All BTS routinez have the form:
C748<name>,

SQURCE PROGRAM LISTINGS
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Data PSECT Map. Lists the nonexecutshle PSECTS generated by the
compller (/MAP qgualifier}.

PREECT name.

The aize of the PEECT in hexadecimal bytes,

The size af the PSECT in decimal bytes.

External Subprogram  Referepcos. Ligste the mpame= of all
Bubprograms |/MAP gqualifier) referenced by CALL statements ln the
DIOJE Am.

Errocr  Beverity Code, esctibes the serlousnese of erroes.
Chapter 10 2escribes the severlty codes and their meanlings.

Brrar Count., The number of compilation errorzs detected far amal
geverity lewol.

GOURCE FROGRAM LISTINGE (-5
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LEPEMOIX D

D1AGHOSTLE BERROR MESSAGEY

This Appendix contains a numerical listing of the diagrnostic mesaagee
generated by the compiler. Following the text <f most MEsSsSages are
explanatione of the diagnastics, including descriptlons of the
compiler'e recovery ackians,

001 CONTINUE FUMCH WITH RTAHKE STATEMEHNT. IGNOREL.

A blank line has a continue indlcakor.
Tage continue imddcator is Lognoced,

gz QOOTE OR COWNTIAUE FUNCH MISSING. QUOTE ASSUMEL.

Aonan-tumetfe literal has oo gquote  and
the following lime hae no contipuation
indicatar. & terminal guate 15 amzagmead
at the end of the line.

003 W10LATION OF AREM h. ASROMEND CORBRRCT.

Thae first nan-blank ohacacker on a
continued line ooours ir Zcea A. The
arror 1= ignored, )

04 LINE TEWGTH LRCEEDE INPUT BOZFER. TRUOHCATED.

Continuation lines cauas s CORDT wWord Lo
excead the capacity af the lnput buffer.
The word is truncated en the vight; Ethe
number wf characters rekained depends wn
the type uwf word being procesaed.

ngs LI0 CONTROL. WITHOUT JFILE COMTROL. TGHORTTD,
Ln I=0=COMTRCL paragraph apg=ars when no

FILE-COKTRCGL paragcaph was present. The
T-D-COMTROL sacagcaph is lgncced.
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014
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14
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LSTRING. DATE ITEK MOST HAVE DISFLAY USAGE.

& data 1tem 1n a S5TRING statement 1s nok
gdefinged wikh DISPLAY usage, Fatal.

HAME HXCEEDS 20 CHARRCTERA. TREUMIATED 'T0C 30l

& charactec—steing that appoears ta e A
name exceeds 30 characters in lengkh.
The stelng 18 truncated on the rlght o
30 characters.

HOMERIC LITERAL OVER 19 DLGITS. TRUNCATED TS 13.

& numeric literzsl exceeds 1B dimite 1n
length. The literal is truncated on the
tlght, with any necessary adjustment 0
gacaling. The aign is retained.

HUMERIC LITERAL HAS MOLTIEFLE DECIMAL POINTS.

A onumerls litergl has mare than ane
decimal poiot.

BICTURE LLAUSE ILLEGAL UW GROUF LEVEL. I[GHOREL.

L group level item hazs a PICTURE claume.
The @lausc 13 Lgnoced.

LBELECT. HOT FOUND. SEWTENCE I[GHORED.

L FILE-CONTROL statement should pegin
with the word SELECT, buob docs nog, AlL
words up ta Ekhe next peripcd are ignorea.

JO9T.5¥HC . LAWK CLAUSES WRINE AT GRODP. IGHGEED.

& group level item may not  contaln
JUSTIEFIED, SYHCHROWIZED, Or BLAWE WHEW
ZEED clauzes. The glauzse is ignored.

FILEMAME MISSING OR INWVALIO. SELECT IGHORED.

A SELECT statement eitcher oontains no
UzZet mame at  the the uwuser name 1i=s
invalid. The SELECT statement =
ignored.

USAGE CONFLICTS WITH GROOEF USAGE. OSES CGROOE.

The wusage epecified far this item
differs Ffrom the uszage akated at  a
higker group Level. The group lavel

usage is uged.

DIAGHMOSTIC ERROR MESEAGES
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nal

D23

N3

024

015

26
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ILLEGAL NUMERIC DATANAME IN STRING.

A onpumerlc daka  item in a FTRING
Etaktement hae &p  Lliegel description.
Fatal.

A4LL. ILLEGAL IN CONTEKT GF .STRING. ETATEMENT.

An &LL likteral hae been used in a STRING
statement. FPatal.

SYRTAA EREOR OFE MO TERMIMATOR. TLAUSES SKIPFPED.

A BSELECT statement L= migsing ks
terminating pericd, oI an ercDr Causes
the =statement to be processed before all
clauses WELS found. The SELECT
gkatement 13 Ignored.

KHUMERIY LITERAL ILLEGAL Ik THIS STALTEMENT.

A BTRING, THSTERINS, or IMSPECT statement
conkbalnd a numcels literal. Fatal.

SENDING LIST OMITTED IW .S5TRING. STATEMEHT.

A STRIKG statement contains no sendiog
fieldz beforse & DELTMITED GY phrage.

Fatal.
MORE THA&HM ONE FILENAME IM JASSTGH.

The non-numeric literal of an &551CH
clause vantainse mere than one file
apecification. el e ha firat
specification is used.

ILLEGAL DATLNBME FOLLOWS (INTO. IN STRING.

The recoiving field of a ETRING
gstatement is lnvalld. Fatzal.

SUBSCRIFTING DEPTH EXCEELS 2. OVER 3 LGEORED.

The OCCURS clapsze iz neeted oore than
three doep. The clause is ignored.

VALLKE ILLEGARL TN OCCTURE ITEM. IGHOREL.
A VALOE clzapze appeara in ar 1tem witkh
an DCCURS clause BE in an item

subordinate to an O0CCURS clauae. The
VALUE c¢lauze is lgnoced.

DIAGHOSTIC ERROR MESSARGES D=3



nig WALUE TLTEGAL IW HREDEFINES ITEM. IGHORED.

A VBLUE clause appears in am  item  that
pither oontains 2 REDEFIKER clanse aor is
pubordinace to an iktem with a EBEEDEFIMES
clzuse.

31 N9 TERMIMATOR FOR IC CONTHOL. PARMAGRAPH.

The T=0=20HNTROL  paragraph 1s nok
tetminated by a period. The terminakbor
iz azmsume=d pre=ent.

D32 .MAP. WO LOWGER APPLICABLE. IGKORED.

An APPLY clauae with the MAP . option 13
not applicaple far khis wversion  and
future worslons of the compiler. The
APELY <lause is ignored.

033 &K I0 COMTROL CLACSE WITHOUT FTLES.

A file=pame iz missing In & «<¢leuse af
tne I1-0-CONTEREOL paragtraph. The clause
iz igneored.

034 S¥NIAKE EAROR IM JREPLY.

An BPPLY clause has illegal syntax. The
clsuse i= igrored.

033 [NMVRLID ACCESS MOOE, TREAT AS SEQUEMTIAL.

The SKELECT statemenkt =ontalns anm inwalid
LCCESS mode. SEQUENTIAL ACCESS mede 13
AEs5Umed.

D& INVYLRLID FILE QRGANTEATION, THREAT &5 SEQUENTIAL.

The SELECT staktement containa an iovalid
CREGBNIZATICON specificaticn. SEQUERTIAL
organization 18 assuwfed.

037 HWNO SELECT STATEMENLS.

A FILE-COWTROL paragraph either contalne
ng  SELECT statements or none of those
ptesant  ia walid. The FILE-COWRTROL
paragraph is ignorod.

047 L.ASS5IGN. OCOMITTED FROM SELECT. SELECT IGNORED
A SELECT =tatement contains no  A55TGH

clausa. The ZELECT statement isa
igoared.

-4 DOIAGHOSTIC ERROR MESSAGER
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05l

DECTMAT. PLACES TRUNCATED.

Davimal places have besn truncaked from
& numerls literal during conversion for
Lse  as &n integer. The integer
positions are uged,

IKTEGEHR EXFECTED, ZERD ASSUMED.

An integer 1literal waa expected, but
fracticmal poeitichnse were fownd., The
literal 12 lgnofed and a value 9f zero
iz aagumed,

INTEGER VALUE TOO BIG. LARGEST VALUE TSED.

& npnumeric literal ie tao big far
convarslan  as  an  iotedger ino the given
context. A walue of 312,767 iz usged.

EREOE IN DATA RECORODS CLADSE, CLADSE SKIDPED.

The word DATE ie not followed by RECORD
ot RECOBRDS im the DATA RECORDS clause.
The DATA RECORDG ¢lause ls ignored.

ERROR IM LARBEL RECCRDE ULAUSE., CLATSE SKIPEED.

Tne ward LAREL ia nat Eollowed by RECORD
or ERECORDS in khe LTAREL BRECQORDS ¢lause.
The LARBEL RECCORDS clause ie igneored,

WG INTEGER [H BLOCKE CLAUSE., CLATUSE SEIPPED.

The B%BEE crause  does oot contain oa
numeclizs literal. The EBLOCK clanees iz
ignored,

BAD VARLOODE IWM BLOCKE CLALCSE. CLADSE SKIPPED.

The pnumeric literal im the SLOCK clauge
cauzes an illegal zoleck eize.  The block
ize in bytes must be greater thae 0 and
less than 3276E. Clauee ignered.

B INTEGER TN RECOBRD CLARUSE. CLAUSE SKIPFED.
The RECORD COMTAINSE rclsuse does not
rantain a8 noumetls likeral., The RECORD
CONTAINS clauee i3 ignareaed.

INVALID VaLURE 1W EECORD CLADSE, CLAUDSE SKEIPPELD.

The numerls literal ino the RECCED
COHTALEE clavuee 15 nat greaker  than
zera, The RECORD SONTRINE clause  is
ignored,

DIAGHOSTIC ERROR MES3ASES O=5
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INVALIOD FILEHMBME. FD SKIFPED.

The word fallowing FD is not walid gz a
file=pname. The FDO entey ia ignerced.

FO TERMIHATOR MISSIHG. ABSUMED FRESEMNT.

The file descripktion entery containe oo
peEiad termlnakoe. The CILC i=
ignored,

FEY WORD EXFECTED. KEMAIWNIMG CLAOSES SKIFEED.

4 kevword that begine a ¢lause, such as
BLOCE, TLABEL, ©DATR, etc., ig migeing.
The remainder af the kDO EenTLy is
ignored.

HO LAEBEL CLAUSE IIN £D. .S5TANDAED. ASSIMED,

The FD entry containe oo LAEEL  RECARD
clapse. LABEL ERECORD IS5 ESTANDARL ie
assumed .

HO SELECT. PLLE DELETENL.

The PFD ootcy's file—name hag N0
corresponding SELECT statemsnt. The FO
entey iz ignored. ALl referencee to the
file-name will be diagnosed as
undefinad.

ALLOZATED SFACE EXCEEDS LARGEST RECORD.

Thye maxlsgm record =ize spacified oy the
RECORD CONTARIME clauee excseds the space
reguiced Eor any UL entrcy under the Sano
file. tThe walue specified by the HECORD
CONTALNS clause is used.

RECED AREA EBXTERODED T CONTAIN LARGEET RECORD.

The space requirad oy the  lardest 01
record ander a file descripkion exoeeds
the spacc coguired by Lk RECORDO
CONTATHNRE ¢lause ipn the FD entry. The
walue derived Tram Lhe ol tecord
description is uged.

N RECOED AREER. FILE DELETED.
He reoord area is alloreated for a0 file
description. The file dezcription is

igoored. all references ta the flle
will be diagnosed as undefined.

DIAGHOBTIC ERROR MESSAGES
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1]

Daf

a7

LIIELH

07k

oy

ILLEGAL DATANAME FCLLOWS .WITH POINTER. I'HBASE.

The data item used as a pointer in a2
ETRING ar UESTHING statement is illegal.
Fatal.

ILLEGAL SYKTAX IN .S5TRING. STATEMENT.

& ETRING szkakement <onteins illagal
gyntax. Fatal.

77 ILLEGAL IN FILESECTLON. CHAWGED TO 01.

A 77 level lkem degecription has  been
Faunid In the FLLE SECTION. The 77 lewvel
13 ereated as an 01 leval.

ILLEGAL WORD FOLLOWS .DELIMITED BY. PHRAGE.

A data-name ar literal 1is oigected
follawing a DELLMLTED BY phrtase in a
STRING ot THSETRING statement. Fabkal.

ILLEGRL USE ©F JALL.. IGHORED.

In the VALOE «£lause, an  ALL oumeric
literel iz detected. NMLL ie ignored by
the compiler.

COMDLTION HAME MISSING OR INVALID. 38 IGHORED.

The conditiopn—name im an B3 lewvel ankry
is5 ¢olther missing ar 1nvalia. The
entire antry 15 igqnored,

THD IMDEXED KEYS START AT SAME OFFERT 1IH RECOED.

The leftmost character peositivn ©f Lthe
BECORD ¥Ey¥ or ALTERMATE RECORD EKEY
data—-name ¢garresponrds Eto the leEbmneb
character positlan of gome other EECORD
KEEY <r ATLTLRHATE RECUED HKEEY data-nare.
The clayse 1= ignored.

.EEDEFINES. O d1 LEVEI. TWN FILE SECTION INVALID.

Tne REDEFIMES clause is present oo the
41 level in the FILE @SECTION, whers
redefinition is lmglicitk. REDEFINES
clauze ig ignored.

PICTURE IGWHIERED FOR IHDEX ITEM.
Ao itom defined as CSRCE TMOEX has &

EICTURE «lause. The PICTORE clause is
ignarad.

DIAEHNOSTIC ERROR MESSRGES D-7
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100

101

laz

103

D-B

WORNUMERIC PIC ON COMF TTRY. TREATED AS DISFLAY.

&n dtem defined wikth non-DISPLAY usage
ke 8 plctyre-string with nan=numetic

charactersa, Tne Etaked ugage iz
ignored. The item 1s kreated as D3RGE
DISPLAY.

EUBSCRI®T OLT OF HAMGE. BRESTME 1.

A literal subscelpt 1ls either le=s  than
1 ar qreater than the maximum al lowable
value, A value of I is ueed.

+5TATUS. OMITTED FROM .FILE STATES.. ASSCMED.

The FILE STATUS «clause hae incorreck
ayntax. The error 1l igonored.

SOME PILES WITEALT POSIT. HO. IM MUL. FILE TAFEE,
& MULTIPLE FILE TAPE clauge contains

file=namesa with POSITION claunsee. Wot
all thke file=names ccootain POSITION

clauses. The errar i3 lgnored. FEile
scatching dueing COPEN will find the
file.

LMUOLTIPLE FILE TRPE. S¥YMNTAX EREOR,

& MULTIPLE FILE TAPE clause containe a
syntax errar. The ¢lause iz ignored.

ORERAND JLASSES IN CONPLICT.

One or more operands In a statement have
an invalid class. Fatal,
POSEIELE RECEIVIHG pliLO TRIENCATION.

A MOVE statement results 1n right-hand
truncation of the receiving Fleld value.
Tnis is nat an ervor and is ignorced.

TOS FEW SOURCE FISLDS FOR ADDL JGLWING. .
At least two valid =ourde operands?  mast
appear in an ATD, ., . ZIVING =statement.
Feztal.

LEXIT. WaS5 KOT THE OHNLY WERR TN PARAGHADH.
A&n  EKIT statement is nat  Ehea ataly

statement in & @parcagraph. The FEXIT
statement ia jgqnored.

DIAGNOOTIC EREOE MESSAGES
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105

l0g

iy

1@

111

112

113

114

SAENDING ITEM INVALID OR COEITTED.

L MOVE statement contelna an invalid or
missing sending operand. Fatal.

SEWDING ITEM HOT FOLLOWED BY .T1C..

A MOVE eratement does nat have the
koywatd 10 follewing  the  2ending
coerand. Fatal,

RECEIVING ITEE IMVALID OF OMITTED.

& MOVE sStatement has no valid receivipg
operand.  ratal.

THVALID CLARSS FOR DESTIRATIONM FIELH.

The cegeiving opetand of an ADD  orC
sUBTRACT statement 1 neot numerlc or
pnumer ic edited. Fakal.

FELATIVE DR RECORL FEY OR STATUS WAME INVALID.

The fneme referenced in a BELATIVE KEY,
EECORD KEY, ALTERNATE RECORD KEY or FILE
BTATCS clagse iz invalid. The clause 1=
ignore=d.

.5TOE, EYHNTAX ERBOR.

The STCF statement is pot followed by a
lliteral or the word ROM. Fatal.

.5I%E ERAQA. STATEMENT IHCORRELT.

The ward ERREOE iz not [ound in the ON
51¢E clause. Fatal.

LPRECCEDURE DIVISION. OMITTED.

The sporcr program does not  conkaipn &
FROCEDURE DIVISION. Fatal.

INTEEMEDLATE RESULT TOO LARGE. WIGH OHDER THLNC.

an erithmetic sStatement calle for an
intermedlate result Iin excess af 1B
diwits. The igketrmediate rcedulte is
truncated on the left ta 18 digits, with
a praaible loss of high-ordet, Bon-zZeLd
digits at execution time.

DIASHNOSTIC ERRCR MESSAGES D=3
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116

117

120

121

122

123

124

125

INTERMEDIATE RESULT TCD LARGE. LOW OBRDER TRUHC.

&n arilthmetic expression calles far an
intermediace result in exrcess of 14
digits. The intermediate resalk is
truncated on the right to 13 digits,
with a pogsible loss of low=arder,
nan=zers dlgits at exerution time.

LDIVISTON. GMITTED APTER .FROCEDUHE..

The wotd DIVISION i= miseing inm  the
PROCEDORE DIVISION header. The errar ie
ignaorad,

TEEMINATDR MISEIMG APTERE DIVISLON HELDER.

The pericd terminatar is missing from a
divizsion header. The errar is ignored,

LITERMAL THCCHPATIBLE WITH ATTEMPTED [DEAGE,

Canvarsion of a literal from one Form Eo
anothet has falled. Fatal.

DETENAME MUOST FOLLOW .IWTL, IN THIS STATEMENT.

A walld data-name ie not  ptesent
following INTO ip = STRINGS or DWSTRING
statement. Fatel.

WIMERTIL SUBJECT OR ORJECT MOST BE INTEGEER.
A onumetic, non-integet =subjoct or object
ie lnvalid in the context af this
relation copdition. Fatal.

CPERANDS CONFLICT IM .S5ET...TQO. S5TATEMENT.

A BET...T3 statement references Invalid
czmerands., Fatal.

UFPERANDS CONFLICT TWN .5ET ...BY. STATEMENT.

&4 BET...B¥ statement teferences invalid
opetrands, Patal.

ILLEGAL FILENAME LITERAL OF FILEHMAME DATANLME.

An ABSIGH =tatament 9r a WYWALUE OF ID
Statement contelins an  lnvalid £file
specification or data-name. The
stztement is lgnared.

I-10 DIASWOATIC ERRCR MESSRCES
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127

130

131

132

133

134

135

Li&

INVALID SUBJECT OF S1GH CONDRITICH.

The sublect of a sign conditien ie not a
valid arlthmetic eiptessicn. Fatal.

ITEM IW THBLE MAY WOT BE USED A3 A SUBGLRIPT.

A data ltem used as a subscript L3
itezelf a table ¢lement. Fatal.

LPOINTER. MUST FOLLOW .WITH. IR THIZ STRTEMENT.

A STRINZ or THSTRIKEG staktement has an
inwalid WITH POIMTER phrase. Fatal.

REELATIVE KEY INVALID FOR THIS FILE. IGHCRED.

A RELATIVE KEY clause has been applied
ko a File that does not hoave RELATIVE
arqanizatien. The RELATIVE EEY clanse
iz ignoreced,

gUBJECT OF ORBJECT OMITTED IN RELATION CONDNTION.

The subjeckt or oojeck is omitred in A
COBOL celation condltlon. Patal.

UNIDENTIFIABLE WORD FOUMD IW SUBSCRIPT.

n subseript list contains a word thakt ia
neither a dats—pame ngat a oumeric
literal. The remalnder of the list or
eentence ie ignared. Fatal.

TMvaLIp SUBJECT OR QBEJECT IM RELATYION COWDITION.

The sukiect or object of a celatian
condition iz an invalid opetand. Fatal.

AUBSCRIPTS OMITTED. ASSUME VALUE CF 1.

A referenca Ep a table item <ontains mo
punsce ipt list. Literal swbecripts of 1
are supplied az defeaults.

RELATIVE IHDEX LITERAL OUT OF RLHGE. INDEX TSED.

The literal walue of a reletive index
canses Bn out-of-range relctence to the
tahle. The literal walue 15 ignored,
and only the index-name i3 uaed.

PIAGHNGSTIC ERROR MESERGES D-11
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140

141

L4z

143

E44

143

144

JUBSCRIPTS GIVEN WHERE 30T REGUIRED, IGWORED.

& reference i3 made to a non—table ikem,
and a subhacripk list followa the
raference. The subscript list ie
ldanored.

T PEW BCESCRIPTS GIVENW. ASSUME 1 FOR REST.

A refergnce to a table item contging &
subacript 118t with too few aubacripts,
De-fault literal eubscripts of 1 are
gupplied [o¢ missing subecriptka,

TG MANY SUESCRTPTE GIVEW. IGHORE EXCESY.

h referenoe te a table ietem coptalns too
many aubscripke ik the subscript listc.
Extra subscripks are igpored.

CUBJECT AKD DBEJECT DSAGE MOST MATCH.

A relation condition between non-Aumecia
operanda reguires +the samnse usage for
koth operands. Fatal.

ARTTHMETIC EXFRESSTON REQUTRED IM THIS SONTEXT.

&n arlithmetie expression ie reguired in
the context aof Lthe COBOL statement being
copiled. The compiler haz lailed ko
tecognize  the arithmebie expression io
thie cankext. Fatal.

CONDLTLION EXPRESSTOMN REQUIREDL LM THIS CONTEXT.

h candition expression i3 tequlred in
the vontext of the COBOL atakbement being
comglled. The compiler has falled to
tecagnlze the candition expresslon Ln
thiz contoxt. Fatal.

[LLEGAL QPERAML FOUND IN COROT. EXPRESSION.

&n invalid data-name or literal has hean
found in the COBOL statement being
camplled., The class or WSABE of the
data item may be lpvalid here aE a
relerence in an expression. Fatal.

CPERATOR I2 MISSIEG IM COROL FEPRESSION.

B operator is amitted in the
spacification of this COBOL espression.
The compiler cannaot Iecagnize this
expreeslan a5 a eynkactically wvalid
COBOL expression. TFatal.

D-12 TDIACHOSTIC ERROR MESSAGES
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150

151

152

15=

155

1546

157

LBSOLUTE WALOE STOREL.

& negative value has been supplied for
an unsigned numerle ltem, The abeolute
value of the numeric literal is stored
Iln the icem.

ILLEGAL WORD FOUNWD AFTER .WOT. IN EXBRESSTOH.
The compiler hae detected an fllegal
ayprassian operator followlng &  NOT
keyward in the CUBCL expression belng
compiled. FEatal.

YERE FOUMD IH AREA A. ALLOWELD.

A etatement begins io hres A. The error
is ignoeced.

EXEFECTED .PETLATIVE KEY. DATANAME WOT DEFINEO,
The data-name given in 2 RELATIVE KEY
clanse has not been defilped in the Data
oiviazton.

LIMAGE, CLAOSE OATAITEM IS TOO LONG.

b data item pamed in a LIKAGE clause 13
declarcd in the Data Division with noee
than [outr decimal inkteger positions af
precisicn.

PEOCEDUORE WAME DOPLICATES DATAR HAME. ALLOWEL.

4 procedute name is  identical to &

dpta-rname. The error is ignored, since
there cam e no ambiguity in  legal
refaronces.

STATEMENTS EOGLLOWING .&d. CAM HEVER BE RAECTUTEL.

n aLatement follows an unconditional G0
statement, The etatements following kne
G0 arc eomplled, buk cannot be execoted.

HOHSEQUEWTIAL FILE MAY QT RE OPTICHAL.

The SELECT Statement may EFECiff
QPTIONAT. only on filee with seguentlal
crganization. The word OPFTIOHNAL le
igonored.

FILE HAS 9 CORTROL CLANSE COWFLICTS.
& file is given wconflleting clauge

specifications in tne I-0-DORTROL
patagraph of thne IHNFOT-OOTPOT SECTIDN.

DIAGHDETIC ERROH MESEAGEE D-=13
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1e1

162

1e3

kad

1la5

166

17

014

FILE RECQPIRES REL. KLY. TREATED L5 S5BED. RCCESS.

A flle with relative organization and
tandam or dynamic accees bhas no RELATIVE
KEY ¢lausc. The access mode i3 changed
to SEQPIERTIAL.

INVARLID IMDEX DATAITEM USE LM RELATIDMAL.

The compiler detagks Lhe invalid usze of
an index data iltem reference as the
subjeck or abject of a relation
condikion, Facal.

UNHENOWE WiED. SCa T2 MEXT LLATSE,

bn unknown word ie encounkbece when a
elause keyword i1s expected. All worde
ara ignoced up to the next walid clause.

CLAOSE DUPLICATED. ESECOWD DOCTRRENCE FSED.

iy SELECT gtacementk cankalne Lwo
oicurrences 9f the same clapse. The
gecond agurEenco  Ls wsed.

NO FO FOR THIS SELECY.

The file-name supplied in a SELELT
Stakement 15 not further described in am
FD irn the Taky Diwisian, The SEBELECT
sLatement 18 fgnored, causindg  the
file-name to become undefined,

DIFFERRNT SAME REC. AREEAS FOF SAME ALREA.

The compiler dekecls a conflict hetweon
the EAME RECORD RREA ¢lawse and the SAHE
ARELR clauge.

LRESD. WITHODT THVALID EEY. AT END. OR .USE.

A READ statement containe no conditianal
clanses, and the File Zeing read hae no
USE procedure applied to it. Fatal.

IO COHNTROL CLAUSE HAS FILE WITH MO .SELECT.

An I-0-COKTROL clause references a
file-name thakt was not named ic a SELELTL
gtatement. The file-name 1= ignored  in
Lhe [-0-CONTROL =takement.

DIACHOSTIC ERROR MESSAGES
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171

172

173

174

175

INTEGER OQMITTED IN .RESERVE., DRETFAQLT A55UMED.

A RESEEVE tlauee fallis +to speclfy the
nunber of buffer aressn to reserve, The
2lause 15 ignored, and the ERME defaule
iz uged.

INVALLID JUBJECT OF CT.ASE COMDITION.

The subject of a class comdltion 15 not
a data 1kem with an acceptabkle class.
Fatal.

VALOE EXCEEDS FIELD CAPACTTY, TRUNCATED.

& numeric literal zupplied oy & WALJE
clause exceeds the length of Ekhe {1214,
The wvalue 1=z rlght truncated and stored
in the field.

NO DAT&E LIVISION STATEMENTS FROCESSED.

The Data Division containa no walid
entriea. This s an observation only.

INVALID GRP LEWV NUM. REET OF RECORD IGHORED.

4 level-number 1= eneolnbe bl that
terminates a previous qrogp icem, but
does oot makch any previous group item's
level-numher . A1l data entries are
skipped until the pestz 01 lewel, lewvel
ipdicator or head=t.

INVALID PROCEDORE MARME DEFINITTON TV AREA A.

The comnpiler detects socurce texkt in &rea
& wf the Procedure Division tEhat does
noet eonform to the rulee for the
delflinition of &4 legitimate paragraph uor
gection name, Sourse text found io Area
L of the Procedurs Divigian ia
intecpreted oy the campiler as & wsetr
attempt to defire 2 now paragraph or
sectlon name. The compiler auppliee a
syaten-delingd pravedure nare  and
proceedsd wikh the pcocessing® of the
sgurce lipe text containing the inwvalid
hEea & Lext. The system—-defined
procedute aame is transparent and, thus,
inaeccesaibls ko bhoe ugaor.

DIAGHOSTIC ERROR MESBAGEE D15
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177

200

201

2032

203

204

205

206

D-16

MISSING QOOTE GH CONTINUE LINE. QUCTE ARSUMED.

& nan-pumeric literal is centinued, hbut
the first noo-szpace chacacter 1S pok a
gquote. The error is igneced by asauming
a4 Juate in front of the first non-apace
charactetr.

COMPARISOM OF LITERALE IS NOT PEREMITTEL.

L relation conditien Bas a literal a=
hoth gubject and object. Fatal.

CoEY IGMNORED WITHINM LIBRARY 'THXYT.

& COPY statement i=2 encountered within
likbrary text. The COFY =statement is
igqnored.

INVALID EILEMAME ON COPY. CQPY IGNODRED.
& {OoPY statement supplies a  file
gpecification that is inwvalid. Thc COFY
statement iz lgpored.

COPY FITLENKRME HOT POURD.
& COFY statement supplles & vwalld {flle
gpecification, but the Eile cannot be
foumd an the apeclfled device. The COPY
gstatement Iz ignored.

FRRTDD OMJTTTED AFTER (DECLARATIVES. .

The word DECLABATIVES iz not follawed by
a period. The efrar 1= ignored.

LDECTARATIVES. OMITTED FROM JEMD. STATEMENT.
The word END L= not followed by
DECLARATIVES. EMDO LECLARATIVES is
asagmed.,

PERIN OQMITTED* RFTER .END DECTARATIVERG. .
The words EHD LDECLARATIVES are nat
follpwed by a peciod, The ercor ie
igoared.

EOURCE PRIOGRAM ENDS IM DECLABATIVES.

The end of the acurce program accucs Lo
the Declaratives area. Fatal.

DIAGHNOSTIC ERROR MESSAGES
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210

211

2112

213

il%

216

217

220

LATANARME MUST FOLLOW WITH BPOINTER. PHRASE.

B STRING ot THSTRIKG statement conktailns
an invalid WITT POINTER phirase. Fakal.

SOVERFLOW. MUST FOLLOW .0H. IH THLIS STATEMENT.

W BTRIMNSG a0 UNSTRING scatement <containg
an invalid QN OVERFLOW phrase. Fatal.

ILLEGAL SREMNDING PIELD DATANAME IN (DOWNSTRIMG.

Tne sending field al an JHETEING
statement has an invalid c¢lass. Fatal.

TLLEGAL SYWNTLE IN .UNSTRIWG. STATREMTHT.

An UHSTELNG gtatement has Iovalid
eynktax. Fakal,

MUOLTIPLE S5IGH CLANSES OM TATS ITREM,

More than ate 5TGH clause appeacs in a

data description. [SEEARATR must ol low
LEADING or TREAILING.] The eecand clause
L2 used.

ILLEGAL SENTAX TW COBOL EXTRESSION.

The conpller detacts & syntax error of a
general natyre 1n Ebke COBOL expressiecn
being compiled., Fatal.

SIGH CLAOSE GN NONNUCMSREIC ITEM.
f BICH claouse appears in a nop=npumeric
data description, Thie SIGHN clause is
igrnared,

BELEM CLLDSE APPLTREDR T HOETLISLLAY LUIEM.
A STGHN clauvse appears in a numeric data
descripkion with usage other thae
DTSPTLAY ., The SIGM clause i ignored.

S81GHM CLAUSE APPLIED 70 UMSIGHED DATAITEN.
h STIGHM ¢lause appears 1n a4 numercic dakta
degcription that hes wa """ Qe its
F10TARE  esrribg. The SIGH clause is
lgnoced.

ILLEGAL DELIMITING DATA L[TEM IN .ONSTRTHAG.

AN UHSTHING s=talkament teferences an
inwvelid delimikerr. Fatal.

DIAGHOSTIC ERROR MESSAGEE D-17
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223

2213

224

245

ZdG

227

2310

131

cia

LALL. FIGTEATIVE COWNSTANT ILLEGAL IH .UNGTRIMNG.

An DRSTRING statement containe an ALLL
literal reference. Faoatal,

ILLEGAL RECEIVIKGC DATAWAME IM .UMSTRING.
An UNWSTRING stabement references a
feceiving data item that L3 invalid.
Fatal.

LOELIMITED. CLANSE REQUIRER TH THIS .UNSTRING.

LT [OMSTRING statement contains na
OELIMITED BY clavse. Fatal.

DATLHAME MUST FOLLOW .,DELIMITEE IMN. FHERSE.
an THETRIKG statement contains a
DELIMITER 1IN phrase with an illegal
teference. Fatal.

ILLEGARL ORTAMNAME FOLLOWS ..DELIMITEE IN. PHRAGT.
Al OYMSTEREING statement contains a

DELIMITERE 1IN phrase teferencing a data
item that Is invalid. ratal.

DATAHAME MUST FOLLOW .COUMT IM. PHRERASE.
An TMATRING etatement canktains a COUNT
IN phrase with an illegal reference.
Fatal.

ILLEGAEL DATAWAME FOLLOWS .COTHT IH, PHELSE.
hn UMSTRIKG ztatement containe a COUNT
[N phrase that references an invaltid
dats ltem. Fakal.

DATAMAME MDST FOLLOW .TALLYING IN. PEHASE.

Al TUNETRING atatement contains A
TELLYINS phrase Wwith an illeqal
referenece. Fakal,

ILLEBAL ODATAMAME POLLOWS (TALLYTHNG IH. FHELIE.
An UNSTRING gtatement contains a
TALLYING phrase rteferencing a data item
that ie invalid. Fatal.

DATERNRME MUST FQLLOW .INSPECT. WERB.

L valid datz=pams reference dJoes nok
follow tEhe IMSPECT keyward, Fatal.

L=18 DIAGHQGSTIC ERROR MESSAGES
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234

236

237

240

241

242

2473

244

245

ILLEGAL DATANAME POLLOWS .IMSPECT. WVERB.

&hn INSPECT statement teferconces a  data
item that iz inwvelid. Fatal.

ILLEGAL DATAWAME PRECEDES .FOK. IN .LNSPE(CT.

An IHSERECY. . .TALLYIMNS Statemmenk
tcferences a  tally daets item that ia
invalid. Fatal.

LEQR, CMITTZED IM .IMSPECT. STATEMENT.

AR IMSPECT.. TALLYIHG Etatemenkt nas
inwalid syntaxz. Fatal.

LATRWAME MUST FCOLLOW TALLYING. PHRMSE.

An IN3PECT...TALLYING statement d4ocs not
reference a tally data-name. Fatal.

ILLEGARL WQRD FOLLOWS .FOR. IN IHGSPECT.

An IMSPECT...TRLLYING statement 4oces not
prate a wvalid search condicion. Fatal.

DATHITEM OMITTED LFTER .ALL. .LEADEMGS. 0Ok JFIRST.

An INSPECT statement does not refercnce
a4 velid search argument. Fatal.

LALL. PISURATIWE CONSTAWNT ILLEGEL IM . INSPECT.

An ALL literal appears in an INSFECT
eratement. Fatal.

ILLEGARL DATAHAME FOLLOWS .ALL. OR .LEADTHG.

an INSPECT gtekbement daes nok reference
a valid search argument. Faktal.

TLLESAL DATAMAME FOLLOWS .BEFOREE. OR .AFTEER.

An INSPECT statememnt doaes nek referonce
a walld delimiter in the BEFOKZ/LFTER
phrase, TFatal.

ILLEGAL DATAMAME FOLLOWS .BY.

An INSFECT stakement does not reference
a valid replacement argument. Fatal.

ILLEGAL DATAMAME PRECEDES .EBY.
An IMSPECT staktement does not reference

g legal data-pame or litercal preceding
the B¥ phrass. Tatal,

DIAGNOSTIC ERROR MESSAGES D-13
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DAETRITEM (OMITTED I¥ .GEFORR, OR .APTER. PHRASE.

hn THSPECT statement ddes not refabatico
a legal daka-name 9r literal after the
SEFORE or APTER phtase. Fatal.

1LLESAL SYHTAY TR . IKGPECT. ETATEMENT.

Beth the TALLYING and REPLACING kevworda
are miseing in the IMSPECT statement.
Fatal.

LBY . MpDsT roLoow (CHRERRETERS. TH BEPLACIMG TTST.

Thre INSPECT.. .REPLACING otatement mast
have CHARACTERS ©BY phrase completely
gopclfled, Fatal.

DATAITEM OMITTRED AFTER .BY. LK .IMSPECT.

The IMNSPECT...EEFLACINIE agtatement does
not reference a legal data-neme cr
literal after BY. TFakal,

DATAITEM FCLLOWING .BY. EXCERDS 1 CHARRATTER.

In an INSPECT...RERLACING staktement,
when: 1] +the CHARACTERZ BY phrase is
speclfied, or 2) a figurative constant
pteceding the BY keyword of the ALL,
LEADING, or FIRST phrase 15 3apecltfied,
the date-rame e literal after the BY
kayword musk be defined as ame character
in lengck. Fatal.

DATATTEMS BEFORE ANL AFTER .BY. UNEQUAL IN SIZE.

In an INSPBLT...BREPLACTIHG statement, the
data items bofore and afeer the BY
weyword of the ALL, LEADIAG, o FIRST
phrase muet be egual in lengkth. Fatal.

.BEFCRE. OB .ATTEE, DPEERRND EXCERDS 1 CHARARCTER.

In an INSPECT...REFLACIMG CHNARACTERS BY
gtatement , the data-name or literal
fullawing the NEFDRE ar AFTER keyword
rust be opne chacacter Im length. Fatal.

ITT.EGAT. WORD FOLLOWE REPLACIMG. IN . IMSFPECT.

A legal keyword was naot Tecognized
MNllowing REPLADCING in the TIHSPECT
statement. Fatal.

DIAGHOSTIC ERREOR MESSAGEE
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LBY. OMITTED ARFTER REFLACING COMPARISEON OPERAAD.

The koyward BY 13 amitted in  the ALL;

LEADING, or FIRST phtase where it
geparates operands 0 Lol comparad.
Fatal.

TOO MANY RIGHT BPARFHNTHERERE TH COBDL EXPREESIOH.

The compiler detectsz an excess of rlght
parentheses in the COBOL expresslon
being compiled. Parentcheses must Le
specifled in bhalanced pairsy; that is, a
left parenthesis muat exist for each
right paraenthe=ziz epecifiad. Fatal.

TaG MANY LEPT FRREENTHESES INM COBOL EXFRESSTON,

The comzller detects an excees <Of left
paraenkhagss in the COBOL expression
baeing complled. Parentheses must be
specified in cDalanced pairs; that 15, &
right parenthesis most exist {ocr  each
lefr parenthesis specified. Fatal.

MISEEMNG OFRRAND IN ARTTHMETIC TRXPRESSTOM.

An operand iz omitkted  in a COBOL
arithmetls expression. FEatal.

ILLEGAL QFERENMD IN LRINHMETIC EXERESSION.

The compller Jetects en illegal opecand
in a COoBGL arithmetic expression.  The
class or usaye of  the operand may be
irvalid ir the contexzt as a tefetence in
ac arithmeklsc cxpression. Fatal.

HOKINTEGER EXPOKEKT ECUHD I¥ CJPQT. BXPRESSTICN.
The compiler detecte a non—integer,
numeric exponent in a COBOL arlthmoctlc
expresasiaon. The arithmetic expression
iz considered inwvalid. Fatal.

SUBJECT QMITTED IN CLASS CONDITIOY.
The compiler detects the cmission af the
Euhject io o NMUMERIZ or ALPAARGETIC class
condition, Takal,

SUBJECT QMITTED IN SIGHN COWDITIGH.

The compiler detecks the cmission of the
guzject in a s2ign condition. Fatal.

HIAGHOSTIC ERRDR MESEAGEE DO=-21
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QOPEBAND MIEBSTAG IN COMPLEL CONDTTION.

The compiler detectzs the omission of an
apecand 1n an MNTT nr DR complex
condition. Fatal.

INVALILD UFERARNLD IW COMPLEX EXERESSIGN.

The compiler detects a complex condltlon
opecand  that 12 not @ simple condition,
comarined condition, or complex
condielan, Fatal,

ILLEGAL S¥YNTARX IN NEGATED SIMEPLE CCOHDITICH.

The compl 1oy detects illegal syntax in a
COBEDL nregated =imple condition. Fatal.

INVLLID FEGATED SIKPLE CONDLTLOMN.

The cempiler detects the agplication of
the HOT keyword +to ap lnvalid aimple
conditicen. Fakal,

ILLEGALL SYNTARXE IW .COMPOTE. STATEMENT.

The compiler detects illegal synkas Lo a
COMPUOTE statemenkt. The lelt side af the
sazligrment =ymbal ar khe asgigmment
2ymbol iteelf mey have Deen
onitted. Fatal.

AT END. ILLEGAL FOR BANDOM .EREAD,

The file (s specificd with either ACCESS
RANDCOM or ACCESS DOYNRMIC without the
word HEXT peing Lneluded Ln the READ
gtatement, The AT ENDR clause ia treated
ags an INVALID EEY <lause,

IKVALID KEY ILLEGAL FOR SEQUENTIAL .READ.

Flther Ehe file hae ACCESS SEQUENTLIAL or
Ekhe RE&LD statement conktains the ward
HEXT. 1In either case, the INVRLID EEY
clause is illegal. Tt is trozbked as an
AT END clause,

INCEE DATA ITEM ILLEGAL AL IMDEX GN TABLE.

mr index data item is nsed as an  iodex
for g table. The index data 1tem
referanca is iqneced. A liveral
subscript of 1 tesolacoes Lhe Llndex dats
item cefccongo.

D=22 DIAGNOSTIC ERROR MESBRFEG
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THOEX KAME NOT CDEFINED FOR THLS TARLE.

A index-pame used ln a subzerlipt list
gpither ig not defined for this table or
appears in the wrong logical positlon of
the sunscript llat Sor this table. The
ipdcg-name 15 ilgnored anmd & default
value of 1 lg sesumed as the subscript.

RELATIWE INDEXR IS5 IWVALID.

The literal component @f a relabkive
indexr la zeroc or lear in waluc, 9r is an
invalid waord. REelative indexing is
ignored and enly the indeg-name is ugod.

FROGAAM HAMY OMITTED ARFTER .CRLL. VERB.

mhe progcam-name is omitted after  tne
key word CALL. Fatal.

LINAGE ¢ OR LESE TNAN FOOTIHNG.

The LINAGE clause must  spoecify a  pade
bedy of at least one line, and the page
bodvy esize must be egual 0o Or  grLesber
than Ehe fooking size spocified in the
FOOTING phrafe.

FILE CLOXED BUT HOT CPENED.

L OLOSE ztatement was encountered for a
File that iz not ogened Lo this peogtam,
Eatal.

PRINT CONTEOL OW WON SEQUENTIAL FILE. IGNORED.

bn APFTLY PRINT-CONTEDL clause referenots
a File tnat doea not have SEQUENTIAL
atganizatlan. The file-name is ighored
in the WPPLY clauso.

DATANAME OMITTED IW EEY IS5, PHEAGE.

The EEY IS5 phrase of the START stabement
iz not f(ollewed by a data-name. The
prime %ECORD KEY data-name 16 agaumed
preeent.

SESTION OF PARACEAPH HAME MISSING.

vhe Bracedure Division does boll Etart
with a s=ectlon or paragraph name, or a
seckian header iz mnot foliowed by &
paregraph nace. TFatal.
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PROCEDORE. MISEING L[H

- 3TART. WITHOLT

-WRITE. WITHOIOT

« ITHVALLD

« INVALID

JUSE, BETATEMENT. ASSUMED.

The ieyword PROCEDIRE 15 missing in  the
U3E Etatement. [t 15 aszsumed and
processing i=2 centlnued,

KEY. OR .[EE,

The INVRLID KE¥Y cption iz misgsieg Froom
the START =tatement, or no USE pracedurs
iz declared for the rceferenced file,
Fatal.

EEY. 0Ok .03E.

The LNVALID EEY apticen ls milsslng feom
the WRITE statemcnty or no USE proceduce
iz deglared for the referenced File.
TFaktal,

DATE DIVIZION MUOCZH TOD LARGE.

Toco much buffer space is belng used for
the flles In this program. Too many
Eiles are declared ta be OFER
gimultancously. Fatal.

REDNETINES. STPECIFIES INVALIOD REDEREINITION.

The compliler detects the invalid
application of REDEFINES to a data
deacriptien entry that contelbutes new
character poeiticne bekwsen  the Jdata
doscription entry containing the
REDEFINEE <lause and the item Lbeing
redefined, nlsn, the soucce of error
may be the definitlan of spother data
descripcion entry with a lower lewvel
number apDeRaring betwaan the date
description entey containing the
BEDEFINES ¢laugse apd the item Lkeing
tedalined, The compgller ignures the
REDEFINES Clanae and centinues
pracesslng the data description entry.

TLELTGERTI TV REDETINE AMOTHER EEOEFLELTION.

The EEDEFTREE alause specifias the
redefinition of a data item whoze daty
descripticn enkry oontalns a REDEFIWNES
clause 1tself. The compiler igmores the
RETEFINES clause and contlnues
procesaing the deta descolption entey.

DIAGHOSTIC ERBOER MESEAGSES



314 ILLEGEL T3 KEEDEFINE A DOBOL TAELE.

The HREDEFIMES claunse specifies the
rodefinition of & date item whose data
description ontty ¢antaice an CCCTERS
clause. The compilec ignores the
REDEFIHES clapnsa and cantinues
processing the data descclption entry.

315 .BRRODEFINES. &PPLIED TO VARIAGLE LEWZTH DATRITEM.

The compiler detects an  application of
the REDEFINES clapse to a data ltem
wnooe length is  variable at run  time
becayse it has a subordinate data ltem
whose deata deserlptlon entry contains an
CCTRE DEEPENDING on rlause. The,
application of the REDEFINEE clauge o
such a data item iz aynktactically
inrvalid. The campilec jgqnores the
REDEFIMES clause and conklnuen
pracescsing the detes description entry.

316 .CCCURS DEPEWNDING OH. ILLEGAL TW REDEFLWNITION.

The comgiler detects a redefinicion that
cankaing a datsa description <ptry
doectared with an QCCTURS  DEFENOING  OF
tlauze. The OCCUORS DFRPENDING ON clause
causes the cedeflpition ke contasin a
data Litem whoee length lz weriable at
run time. ‘The DEPERDING OW ghrase is
ignoted end processing continues.

317 PICTURE EXCEEDS 30 CHARACTERS. FIC X AGSUMED,

The unexpanded PICTURE =tring exceeds 30
chatracters in length. The compilee
lgnares the uaser-supplied PICIURE  and
treats the data item as alphanumeric
with a "PICTURE X" declaraticon.

320 ©ILEHAME ¥OST FOLLOW .CLOSE WERE,

The data ltem followlng the CLOSE wverb
was not a file—pame. Takal.

321 JHOL. MCsT FOLLOW JWITH, IT IS5 &55TMET..
The Keyword WO 15 missing in the WITH HO

REWLND phrase of the CLOSE etatement.
MO i= aepgumed preosent.
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« REWIKE. MUST FOLLOW .HO

- I'T 18 ASSMIMED,

The WITH Wi REWIND phrase of the CLOSE
gtakement muest be completely specified.
It iz assumed prescht.

« REMOVAT., MUTET FOLLOW FOR. IT IS ASSTMED.

The FOR REMOVAL phrase of the CLUSE
gtatomankt must be campletaely specified.
It is asaumed presank.

LOZE. OMITTEDR AFTER .WITH. IT 1% ASSUMED.

OATANAME SFPECIFIED WHERE

LEND. MOST FOLLOW .AT..

DATANLKE OMITTED AFTER .

DIRGHOSTIC EREOR MESERG

The keyword WITH in a CLOSE ststement 13
recagnized but 18 not followed by one of
the keywords NO or LOCEK. The WITH LOCE
phrage iz assumed preeent.

FILEMARME EXKPECTED.
The name used ir an IL[A0 varh tao

ceference & flle was noc a file name hut
wiB S3ome other data-name. FPaktal.

FILENAME MITET FOLLOW ®ODE SPRE, IN OPEN.

The OPEW staktement does nob ceference a
valid flle name where & [ile—fame
reference ie expecked. Fakal.

TLLEGAL MODE SPECIFIED AFTER CPEN. VEEE.

Joe of the OPEN mode keywords 1HPUT,
QOTPUT, I-0, of EBXTEHD ie reguired
immediately after the JPEM werb. Fatal.

IT IS ASSUMED.
The keyword END was omitted in  the AT

Eklr phrase of the READ =2tatement. The
AT END phreee is assumed present.

FILENAME MOST FOLLOW .HREAD. VERE.

Bither the File-name his cmitted
faollowing the BERD werl aor the data item
following the RE&D werb iz not a walld
fFile-poame reference. Fatkal,

IATOQ. Ik .READ.
The data=-neme teference following the

INTO  keyward ofF the EEAD statement was
oxmlteed. Fatal.

EE
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RECCORDNRME MUST FOLLOW .WRITE. OR .REWRITE.

The 01 record-pama telerence immediately
fullowing +he WRETE or REWRLTE verb was
omitted. Fatal,

ETATEMENT IGHORED OUE TO ILLEGAL RECCRDNAME.

The data-name immediately f£ollowing the
WRITE or REWRITE werlh 12 neot a walid 01
recard-name reference. Fakal.

LADVARRCING. OPTICH DOMITTED IN .WRITE. 1 ASSUMED.

& data-name refecence;, fumeric integer
liteeal referenge, or the keyword FRCE
was oot reccdnired in the BEFORE/LEFTER
AOVANCING phraee of the WRITE stakbement.
& pumeric integer literal walwe af 1 is
assumed.

+BOR. MOST FOLLOW AT.. IT IS AGSUMED.

The keyword EOF was omiktted LIn the AT
EOF phrase of the WRITE stetement. The
AT EOQF phtase is aesumed present.

DATRANAME OMITTED AFTER .FEGM.

The data-name ceference following the
FROM keyword of fthe WRITE of REWRITE
astaktement woae omirted. Fatal.

LJADVANCING. INTEGER TOO BIS. TEUNCATED TD &3.

The pumeric integer in the SEPORESAFTER
ADVENCING vhrase wf the WRITE statement
is greater thanm #3. &3 ia assumed.

+HO REWIKDR. ILLEGAL WITH .IQ. OF .EXTEND. HMODE.

&an OFEH statement wikth the I-0 or EXTEED
mode specified cannock have the HD REWLKD
phraze aleo gpecified. Fakal.

ILLEGAL .ADWAMCING., DATANAME, 1 IS ASSUMED

The data—name in kb BEFOREAFTER
&OVANCING phrase of the WREITE statement
iz not an clementary numeric  integer
data-pane raference,. A noameric inkeoer
Literal valuwse of 1 ie aseumed.

CIAGHOSTIC ERREOR MEGSRGEE  D=27
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FLLER&GME MOST FOLLOW .DELETE. VEERB.

Either the file-name wae amikted
fellowing the DELETE werk or the data
item follpwing the DELETE veth 1= pnat A
welld flle-pname reference. Fatal.

FILENAME MOST FOLLOW .S5TART. WVERB.

Either the file by A Wik omitked
following khe START werk or the dats
item following the START verb is mnot a
valid file name reference. Fatal.

~LESZ. OMITTED AFTER .NDT. TW .STRBET. ASSUMED.

The: keywird LESS is cmiktted after NOT in
the relational condltiosn of the STLRRT
etatement, LESS 13 assumed present.

DATANAME OMITTED IN .(KEY I5. BPHHALEE. ASEUOMEO,

The RELATIVE KEY data—-pame for the
teferanced [1le was omitted in the KEY
IS phrase of the START sStatamenk. Th
BRELATIVE KET data«name 12 agsumed
present.

BRELATIONAL WOREL OMITTED AFTER KEY I5. FHRASE.

Haoe 9F the relational xeywords EQUAL,
GREATER, af HOT was recognized following
the EEY 15 Ehrase of Ehe STLRT
Statement. fatal.

TEEMIAATOE IGEORED IN .IC2 COMTHOL. DPARASRLPH.

A clavse ie terminated by a period, but
a keader does nat follow in Area A. The
period ia ignated. The camgller assumes
ik is geill in Ehe T-0-CONTROL
paraygcapvh.

TEEMINATOR TGHORED IN .SPECIAL HAMES. PARAGRAPH

& claure 18 ktecminated by a period, but
iz ot followed by a header in Area A.
The periaod i3 ignored, and the compller
eentinues processing the SPECIAL=NAMES
pacagraph.

HATIVE. MTSSING INM SPECIAL MALKWES CLAUSE.
The alphabet-pamc clause  does nok

conkain NATIVE ar  STAWDARD-1. The
alphabet-name clause is ignored.

DIAGHOETIC ERROE MESSAGES
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SYHTAX ERROR IN .OQBJECT COMPIUTER. PARRGHLIPH.

The OBJECT-CCMPUTER paragdreph coontains
an unrecognizable word, The compiler
scand avatr all watd=a uwwbil a word  is
forumd in &rea A.

TEEMINATOR GMITTED IN (GBJECT COMEFOTER. FPARRM,

DATANAME FOLLOWING

The O0BJECT-COMPFUTER paragraph iz not
terminated by a period. The compiler
geand ovet all words until a woard 1s
found in &rea &.

LEEYT T5, PORASE IS ILLEGAL.

The daka-name following the KEY 13
phrase of the START statement 15 not &
HECORL:  EEY  assoclated wlth the
referepced indexed f£file, nor 13 it
subordinake ko a RECORD KEY whose
laftmast character pasition corresponds
ta its awn leftmoet character position.
Fatal.

THVALITD TRAGR (M {OWMDITICHAEL YARIABRLE.

Tne lewvel 9B condition warciable ccanpot
b deflned as DAMWGE INDEXA.

ILLEGAL SEFSRLTOR [M COBOL STRTEMENT. IGWORED.

an 1llegal character WaE detected
between two consecutive words 9Ff a COBOL
etatement. The 1illegal charactee 13
ignored.

ILLEGAL CHRARACTER FOTUHD WITAIN A COBROT. WORD,

Illegal characters were fouocd 1A an
alphapumeric COBOL word, bubt net Lo an
alrkanumaric litecal. Tha illegal
characters  are replaced by dollar eigme
i the lnteengl  represencacion of the
COBAOL word.

UNRECOGN LEZLABLE TEXI EOUMD IN COBOL STATEMENT.

In scanning the SOUEGe text, the
compiler was unable to  recognlze  an
alphanumecls CORDL. word [a keyword or

nser-dafined wordl, an alphanumeric
literal, ot # nueerlc Lliteral. The
error i not  internally corcected and
usually will Ccause further ECTOT
ress5ageq.

DIAGHOSTIC EREOER MESEAGEE D=29
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CCBEOL WORD BEGINE WITH OR BHDSE IN HYPHEHN.

n attemptlng 9 recognize a keyword ot
uger=defined wiord, the compiler has
detected thak the COBCL word begina ot
ends with & hyphen.

NOMMUMERIC LITERAL To0 LONG. TRCWCATED TO MAX.

An alphanumeric literal dreater chan 132
characters im  lengkth is detected. The
iiteral ie truncatsd an the tightk,
tetalnioy the first 132 characierz as
the Titerail.

COROL SOURCE LINE TOO LOHS. THUKCATED 1O Max.

LBY, OMITTED IM

TERMINATOR CMITTED Tk

¢t LINAGE «

CLAUZE DRETANAME

The indicated COBOL source lipe containe
more  +has 6% <haravkers in tercminal
Cotmat. Tha erocess characters are
ignored, &nd only thofc characters in
Ehe printed COBOL  eource ling area
cekained.

EEPLACING QFTLON. COPY LGEHNORRED.

The kevword EBY was not  Eound ik a3
COrY .. JREPLACING Etatement. The
statement i= ignored.

SCOPY.  IT TE ASSOMED.

The teguired pericd terminating the COPY
STatement is omitted. 1t is aesumed
present.

MUST BE AN IMNTEGER,

L data-neme referenced in Ehe T.TYAGE
clauze o©f the PFILE SELTION i= cefined
Wwith duecinal places in the
WOREIAG-RTORMGR STCTION.

 LTHREE.CLAUSE DATAWRME MUST MR OKSTGRED,

A numetils data-npame referenced in  the
LINBRGE <laouse of the PFILE SECTLON iE
defined az a signed data leem  In the
WORKEIMNG-STORASE SECTION.

DIAGHNOSTIC ERROE MESSACES
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POS5IBLE HIGH ORDER RECEIVTWG FIELD TRUONCATICH.

Truncatien of high-orderc lnfarmation
during a MOVE o an arlthmetls operation
upan a rceceivipg £ield 1is goesaible.
Tmis truncation ¢ould cauee unexpected
resules, amd the feszage ehould nor he
ignored.

POSSIBLE LOW ORDER RECEIVING FTRLI TROWCATION.

Truncation ol law-order information
during a MOVE or an arithmetic coperation
unpon & receiving field 15 possicle.
This truncatlon <ould cauze unexpectod
cesults, and the measage should oot oo
Ignored,

FI» HEADEER NOT FOLLOWED BY AN ARREL & WORD.
The  word fullowing the  PROZEDURE
LIVISION  header daes not Begin in Acea
A. The compiler scans owver &l] words
until a word is found Ln Ares A

OpER OPTICHAL FILES OWLY IM . IMPOT. MODE.

An OPTICGMAL file van Lo QPEWed in INEOT

Tode  only. The camziler apsumes that
Lhe OPTIOWAL File i5 OFEHed in INEPUT
moda.

EXPECTED FILE STRTOS. OATANAME JOT DEFTHETD,

& data-name referencad in a FILE STATUS
phrage of & SELECT oclausa  In the
FILE-CONTROL paragraph 12 nat defined in
the WORKEING-STORAGE SECTION of thoe DATH
DIVISICH.

EXPECTED .VALUE OF ID., DATANAME NGT DEFLHNED.

The dAaka—name referanced in a  waLUE  QF
ID clause af &n F0 i3 nok defined in the
WOBEING-STZRAGE SECTION =i the D&T
DTVTSTON. Fatal.

EXPFECTED .LTHAGE. CLATUSE DATANAME NOT DEFINED.
A data-name referenced 1IN the LINAGE
clanse af the FILE SRCTTOM is not

defined in the WORKING-STORAGR SEUTION
of the DATR DIVISIOH.

DIAGHOSTIC ERROR MEESAGES D-1l



420 AELATIVE KEY. DATRNAME HRS INVALID CLASS.

A data-name raeferenced in a RELATIVE KEY
phrass af & BELECT <lause in  the
FILE-CONTHOL pacagraph iz defined with
non=numeric clagz in eEhe WOBKING-STORAGE
SECTICHN.

401 .BRELATIWE ERY, DATANAME HAZ TNVATID CLASS.

A data-name relorenced ln a RELATIVE KEY
phrage <f a SELECT clause must not be
definaed with INDEX usage in the
NORETAG-STORAGE SECTION.

402 (EELATIVE KEY. ©DATAITEM IS TOO LONG.

A numetls integer data-name referenced
in a RELBRTIVE KEY phrase i=s deflned with
more than eight dlglta of precisicen in
Ehe WORKING-STORAGE SECTION.

403 L.REMATIVE KEY. DATAMAME MUST BE RE INTRGER,

% nfumeelc cata-name referenced in A
REFLATIVE EKEkY ohrage ie dJdefined with
decimal places ln the WORKING-STORALGE
SECTLION.

404 L.FILE STATDS., DATANAME HLS IHVALID CLASS.

® data-name refersenced im a the FILE
SETATOS phrase of a SELECT <lause musk be
cefined in with DISFLAY usags 1In the
WORKING-STORAGE SECTINN,

405 .FILE STATUS. DATL HAME HAS IKVALID USAGE.

i odata-name coferenced in a FILE  SrATUS
phragse af r SRIECT cleausae 1ls defined
with DISPLAY TEAGE in the
HWOREING~-3TORABE SECTION.

406 TLENGTH OF .PILE STATUS. DATAITEM IS ILLEGEL.

Ao alphanumerls Aaka-name refaramced  in
a FILE 5T&TUS phrase »f a SELECT clanse
must be defiped in the WORKING-STORAGE
ZECTION ae an alphanumerlc variable
consisting of two characters.

407 LWALOE QF ID. DATANMME HAS TNVALTD CLASE,

& data—name referenced in a VALUOE OF ID
clause af amn FOo is defined with
non=alahanumear 1.: class in the
WORKE L NG=ETOEAGE SECTION.

D=-32 DIAGHOATIL ERROR MESSAGES
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LVALIUE OF 1pD. DATAMAME HAS INVALID USAGE.

A deka-name relerenced in a VALDE QOF IO
clause alf ar FO mugk be defined wich
DTSEPLAY u=sage in the WOREIKG-STOHAGE
SeCTLOM.

LEMGYTH OF .WARLOE {OF IO. DATAITEM IS5 ILLEGAML.

An alpaansumctle data-name celetenced  in
a VRLOE 0QF ID clause of an TD zust he
defined in the WIRETKG-STORAGE SECTION
&g an alphanameric variahle whose
length, L, falls in the range S<=L<=150
charactersz. Fatal.

.LINBRGE., CLAUSE DATARHAKE HAS INVRLILD CLASH.
hodata-nams  roferenced Ipn £he TINAGE
GClause of the FILE SECTION iz deflpacd
with Non~nuIeric ciaag in the
WORKEIKG=STORACE SECTION.

JEINARGE. TLAMNESTE TATAMAME Eixs INVALIT UDSAGE.

& data-nazxe rceferengaid in the LIMNAGE
clause w©f the FILE SBLTICKE must he
definoed with COMPUTATIONAL USAGE In the
WOREING-STORAGE SECTION.

INYALIY BECEIVING OPERAND IH .=ET.. IEHNORELD .

L receiving operand of a SET statement
is ipwalid. Fatal.

N> RECEIVING QPERAND SPECIFIED IN .SET..

No receiving operands are specified in a
SET =statement. Fatal.

OMITTEL OF LLLEGAL CPERAMD AFTER .TO. IN .5ET..

A BET sStakement nag o9 walid Sending
agpecand. Fatal.

ILLEBEZAL S¥HWTAX IK .5ET. STATEMENT.

The worde T3, UP or DOWHW do nokt follew
the ceceiving ocoerangs af a BSET
statement. Fatal.

LY, MIST FOLLOW UP. QR .DOWH.. ASSUMED.
The kewvward BY docd not follew Bhe  word

P ar DOWH inm & SET statemenkt. BY is
assumed preaent.

CIAGHOSTIC ERFDE MEBSAGES D-33



421

L

d24d

125

426

§27

D=34

OHITTED 0OF ILLEGAL OPERAND AFTER .8Y. IN .S5ET..

The aperand follawing the TP BY ac  DOWH
BY phrase in o SET etatement ia inwalid
ar omltted. Fatal.

W2 CFERAMDE EPECIFIED

Mo Ccoerands were recagnized following
bhe keyward DISPLAY. Fatal.

GETTING IMDEX NAME OCT OF RANGE. SET. IGNORED,

A BET statemenkt Ls akttempting te set  an
index neme usling & literal that iz tao
large. Fatsl.

«IF, TROE FATH OMITTEI. ASSUME .WERT SENTERCE..

The brue patn code s omitted £rom the
1f statement. HEIT BRENTENCE iz amsumad
4% the true path of the IF etzbement.

CONFLICTING STGH BYMBOT.E IN BPICTURE STRING.

The ¢ompller cecogonizes both the + and -
eign aymbols [n this PICTURE string.
The compiler ignores +the uger-supslicd
FIZCTURE and treats the date ltem as
alphanumctle with a "PICTURE "
declaration.

GERD SOPPREESSION COWNFLICTS IM PICTURE STRIHNG.

The compiler recognizes Zoth the & apnd *
ZEED SUPpIesElon symbols in thiz PICTURE
gtring. Tha compilet lynores the
ngct-supplied PICTORE and treate the
data {tem  as alphanumeric with a
"PEICTORE K" declatetion,

ILLEGAL CHLREACTER [M THE PICTURE STRING.

L character that iz wotbk in the PICTURE
gtring character =et is recognized io
this PICTUORE by kthe compiler. The
compller ignores the usec-supplied
PICTORE and treats the dakta iter as
alphanumeri: with a T"PICTURE x"
declaratian,
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434

435

d36

437

.BLANFE WHEN ZIERD. CORPLICTS WITH ZERG 3UBFRESS.

A BLANE WHEMN ZERD clavse is ceovogqnlzad
with a zero supptesslon fleld specified
in the PFICTURE sStilng. The compiler
ignores the BLANE WAEY ZERD claose and
canklinues with ite proceseing.

PARENTHESIZED SPECIPLER EXKCEEDS 1d DIGITS.

SPECIFIER MTLESTWG IN=IOE

The specification contalned ineide the
parenthescs of & PICTURE atring exceeds
18 dlglk= in length. The conpller
ignores the user—-aupplied PICTORE aqﬂ
treaks the data 1tem as alphaonumeric
wlkth &8 T"PICTURE X" declaration.

FAEENTHESES.

The gpeclification contained ineide
Farenthesee ocf a PICTORE string s
mizaing. The compller lgnores the
uset-supplied PICTURE and breaks Lthe
data item &2  alghanumeric  with a3
"PICTIURE X" declaratiamn.

ILLEGAL BYMBOL PRECEDES LEFT PAREW. IE PICTORE.

The compller recognizes an 5, ¥, CR, DE,

or m_ cthatagter preceding a left
parcothesis in 8 PICTURE Eetring. The
BELOL i= ignored and processing

cantinues.

TEEMTKATOR OMTTTED IN .HNOTE. PARAGELEPH.

INVALID OQPERLMO IH .VARYI

INVALIO OPERANT: IN .FRECOM.

T2 MANY ALFTEER. FPHEASES

The compiler detacked a MNWOTE paragtagph
that daes not end with a poticd,

NG. QR .AFTRER. PRRASE.
The expected operand la nat a valid name
teference in the VARYING or AFTER phrasa
of this PEERFORH VARY IWG etatement.
Fatal.

FE .BY¥. PHRREE.

The PROM or 8Y phraze of a FERFPORM
VARY [MG statement dpo2a not conkain a
valid operand referenge., Fatal.

IK .PEBRFGEM. STATEMENT.

The aompller deteckte more than two AFTER

phtrases in the PERFOBM WARYING stabement
beipy compiled., Fatal.
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445
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D36

LFROM. QR .BY. OR .UNTIL. MISSING IN PERFORM.

Tae compliler detects the cmlssien of the
kevwords FROM: BY, ¢r UNTIL in  the
PERFOEM VARYING statement. Fatal.

1LLEGARL COMDITLON EXPRESS10N IMN THE PERFORM.

The compiler detecte an inmvalid
candition expression in the PERPOBEM
ARtakement., Fatal.

KOHPOSITIVE LITERAL TN .FEOM. OFE .BY. PHBASE.

The compller detects a non-positive,
numaric  Llnteger Lltecal io thls PERFORM
statement. Fatal.

IAVALID RELATIOW CONDETION LM .SEARSH ALL.

The compiler detecka eicher & =yntax
eIrof or an invalid operand in cthe
teatricted Efocrr cf a relarian condition
in the SERBCH ALL statement. Fatal.

FONTHTEGER TATH COMFLICTE WITH IMDEXHAME TSAGE.

The compiler detecta a non—-iLnteger <data
item reference in a PERFOBEM VARYTIHNG
statement in which the VARYING, AFTER,
ardsar FROM phraaes conteineg an
imder-name rofecence.  Fakal,

IMPLICIT HEFERENTE TO BAD COMDLITION YALUEE.

Through a2 reference o & conditicn-name,
the caompiler detecta a reference to an
asgoociated condition-value that 1B
impropecly derlared in the Data
ivlslan, Fatal.

IMPLICIT BEFERENCE TO Bab CONDITION WLRIABLE.

Thravgh a refetence to a candltlon-name,
the compiler detects that che asecciated
coendition-variable im impropecly
declared in the Data Divisicn. Fatal.

TOO MANY WNAMERS TW COBOL FROGERM, RECOMPILE.

The COBOL program being compiled has tod
marny data—-names ar  pracedulte-namnsd.
This condltiaon tas caused & <ompiler
table to overflaw, aborting the
compilation.

DIAGHMOSTIC BRRGE MEISASES



450 EREFERGNCFE TO UHDEFINED DATAMAME OR ITLEGAT. BYNTAX

The CQROL atatemenk heind compiled
contains a reference to  an undeflaed

data-name . The <ompiletr digonores the
reference. Thi=s diagnostic may be
Lasued in conjunction with other
diaynosklce for the erronecd® akaremant.
Fatal.

4531 QUALLF1ELD RETEREWCE JTLLEGAL IM THLS COHTERT.

The compiler doteclks a2 gualified
referance in a «<entext in which an
ungialified cefrrence is reguired. The
compiler permike the gualified reference
in this conteft epnd continoes with the
compilatinon of the staotement conteining
the ralarence.

452 QUALIFIER OMITTED IW QUALIFIED EEFERENCE.

b Aata-pname 1= omitted after the keyword
OF at IM in a guallfled reference in the
CUBOL statament bolng compiled. The
reference is  ignored, This diagnostic
mey be izsued in eonlurction with other
diagnostics for the stziement in ercoc.

4R3  1OC MANY QOATLIFIRERS IN QUALIETED REFEREMCTE.

The cgamoiler detecte moce than 48
qualifigrs in & gualified coference. The
pxcess gualifiers are ignored in the
reference.

454 UNWOEFINED QUALIFIER TH QUALIFIED KHEFERENCE.

The compilec detects a  gualified
cefetence in which a gualifier iz a
ceference £a an undefinped data-namge. The
compiler ignores the entire gualified
teference. This disgnostls may be issued
in econjunction with other disgnostics
for the errcpenus  Statement rcontaining
the refecence.

459 [COBOL STATEMENT COHTRIMS AMBIGUOUS REFEEREHCE.

The compller detecte a reference o
COBROT. data  that iz  hat uniguely
referengeable through qualification. The
camsiler uees a reference that satisfies
the reforence in the text 9F the COBCL
pProgy am. Thie diagnostlc may be i=sued
in conjuncticn with okher diagnostics
far the stakement in error.
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4610

451

462

454

465

DATAWLME REFEREMCE EXPECTED IN THIS CONTEXT,

The compiler detecta a relerence kD A
data itLem that 1s ack  alphabetbdic,
numeric, alohaghymeric-edibed,
alohanuroric, or nomecic-edited. The
context of thies telerence regquir=a Lhat
the reference be Lo ane af thege clagsea
uf data items. This disocostic zay be
ieaued in cenjunation with akher
diagnostics far Lhe statemenlk 1n orror.

[LLEGAL EEFERENCE DETELTED IW THIS COHTEXT,

The compiler detectzs a refarence Lto an
item that iz imvalid in the context of

its usage. Thi= diagnoatic may be
1350l In aonjunstion wikth ather
clagnoaticae Far the ztatement Ip  ecrar.
Fatal.

PARENTHESIZED SPECIFIER LARGRR THAN L3347

The gpecificelion cankainad in
parentheses in a PICIURE =tring is
greater than BL3BT. The comsiler

azegres 65337 and canblnwes provessinog.
EXTEE OFENING QUOTE OF LITERLL IS IGNORED,

The compiler detects a superfluous guote
at the beginning ©f a ©pon-numercic
Literal sopeclileatlan. The comaller
ignorese the extra guots erd conbinues
proecessing the non-punctls Litecal.

PROGRAM MLME MUST BE & NOWHIMERIC LITERAT.

The pragram-name likeral Collowing Lhe
key word  CRALL is not & nonnumeric
Llteral. Fatal.

LITERALS ARE ILLEGAL IW ARGUMEWT LIST OF .CALL,.

Literals are not allewed in the argument
list of a CALL sktatement. Fatal.

ARGDMENT LIST GMITTET ATTRERE UFING. IN .CALL..
The reguired argumant li=d 12 mi=zeing

after the key word WUSING in the CALL
atatlement, Fakbal,
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iTE

ILLEGAL SYKTAX IW .CODE SET. CLAGSE. ISNORED.

b walid alohabet-neme reference isg
amliteesd Iin the JODE-SET ¢lauee. The
apmpl Ter 1gnorse Lhe CODE-5ET clause and
contipues to process the remainder of
the FO.

DATAMAME IN .EEY IS. PHRASE WOT AT.PIANIMERIC.

rThe data-naode following thoe EERY Is
mhicase  in & START statemenkt referencing
an indexed £ile must be alphanumeric.
Takal,

.BEECCRD EEY. DRTRITEM LEMGTT GREATRE THAN 205,

A data-name referenced Ln a EREECORD  KEY
ar ALTRRMATE RECORD XEY phrase of a
SELECT «+«lausem in the FILE~CONTRAL
paraqresh must be defined in the FILLE
SECTIGK as an item whose length 15 leas
than or equal to 2560,

DLTAMAME INW KEY 13 PHRARSE IS SUBSCRIDPTED 0% INDEX.

The daka-name Ffullewlng the EEY I3
phrase in a BEAD 9r START atatement
referencing an indexed file must not  be
aunbacyipted or indexed. Fatal.

LRECORD KEY. DATAITEM A0S1 mol BE A COHOL TRBLE.

& data-name referenced in a HRECORD  EEY
ot ALLTERWATE HECOKD EKEEY phrase of &
SELECT clause inm T b FILE-CUKTROL
pacagraph  must net bhe defined in the
FILE SECTION with an QCCOR5 «lause ar he
gubordinate to am  item wlkh an QOCTRS
clause,

LRECORD, OQMITTRTD FRIM ALTEEKATE RECONRD. BSSUMEL.
The reserved word RECORD Lz missing Erom
the ALTERMATE FRECORD HEEY claugse. The
ercot is ignored.

UNMDEFLHED ALTERNATE RECORD KEY. DATANAME.

The data-opame 9ivesn in g ALTERMATE
RECORD KEY «lause has nak bheen defined
in tne Data Divizian.
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-ALTERNATE RECOHRD KEY, CLADSES ARE SEPRELTED,

In the EELECT sStakement the ALTERYMATE
RECORD KEY clauses atre Intorleaved among
the opther clavaes. The BLTERNATE RECOERD
¥E¥ rclaunesa =should fellow one anobkher
with no intervening clauses. This error
ig ignored.

LINKRGE SECTLOM ITEM APPERHS THICE IN .U3ING..

A LIMKACGE BECTION daka i1tem musat pot
aspear moere than onee In £he O5IEG
Phrase of & FPROCEDDREER DIVISICN O5IKG
headerr, FPakal.

TLLEGAL .S5EGMENT=-LIMIT. WALUE TGNORELD.

The Segment—limit is not a nameric
Ilteral w©wr i & pnumeric literal whose
walue 1s cutside of allowed
saqment=limit range,

IHTEGEE 1 SEYOND AREA A TRBATED A5 LEVEL NUMEER.

An D1 lewel item was deteceked bevond
Ares 4 and acoeptoed a3 IE in Area R,

MULTIFLE FICTURES FOR SAME ITEM. LAST [ISEO.

A& data item hss marc than one PICEURE
clausa. The ocompiler ueed the last
PICTURE flauae zpeciflled.

CLOSING PARZNTHESIS MTISING IH PICTURE.

The right parenthesis 1s missing in  the
PLICTORE Etring. The coampiler uses the
laat four charactere of the PTCTTRE
Etring.

NOT AR EQRPROGRAAN (PROGERM. IGHORED.

4n EXIT PROGRAM has been detected, but
the COS0L program heing compiled is oot
a subprogram. Becauss RXIT PROCEAM i3
meaningful anly in a  subprogram, the
word TFROCRLA® i ignored, anel the
gtatomenk 15 treated az  If it were a3
2imple EXIT statement.

DIAGNOBTIC ERRZR MESSAGES



506

ROT

310

B11

3l2

513

EXKFANDED ELOTURE STRING TO2 LOWG. PIC x ASSUMED.

SPECIFIEERE OMITTED BEFPORE

SECTION WO, GREATER THAN

The expangion aof a PICTORE gtring
specification produces & String  that
exceads implementation limitations. The
compller ignorea the pser—-aupplied
PICTURE and treata the data ltem as if
Lt had 2 "PICTURE X" declaratlon.

LEFT DPARREWM. IM PTL,

The first character of o BFICTURE atring
iz a 1left warenthesls, The campiler
ighares the user-supplied PICTORE and
treats the data ltem a= alphanumeric
with a "PICTURE X" declaratiomn.

49 TREATED A5 459.
L =egment numbker greater than 49 follows

the ward SEECTICN. The segument i=s
treated ae if it were 4%,

IMVARLID ITEM LENGTI IN PARENTHESES OF PICTURE.

FALUR CLADSE MOT ALLCWED

The patenthesized length specifier In &
PICTURKE contalnz non—numeric characters.
The ¢ompller ignaoreas the uwzer-supplied
PICTURE and kreats the data Llter ae
alphanumeric wlth a "g[ZTURE X"
declaration.

IN LIHFAGE SRCTION.

The VALOE clause cannot appear Ln data
items  im the LIMNEAGE SECTION. The only
place the WALUE ¢lauze can appear in the
LINKEAGE SECTION 15 inm a conditien nane
gefinitiaon.

OFERRND IN .USIHG. MUST BE LIHEAGE SECTION ITEM.

cnly Jewel 01 or 77 LINEAGE EELTION
items may appear in the O5IHG phrase of
B PRICEDURE DIVISION header, Fatal.

MOLLULELE FLOATIKG TIELDS IN MUMERIC EDIT ITEM.

Tha PICTORE gtring oontains mulkliple
fleating fields, The compiler ignores
the usec-supplied PICTULE and treats the
data item as glphanomeric with &
"pICTURE X" declaration.
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320

Ll

522

923

D=-42

MULTIPLE JERO ZUFPRESS FIELRS IN PICTOEE STRING.

Multiple =zerao euporesslon fields are
detected in a PICTURE striod. The
compiler lgneres the veer-aupplied
FPICTURE and treatz the data lkem as
galphanumeric with a "PICTUIRE X"
declarekion,

GERD STPPREESSION ILLEGAL WITH FLOATIMNG FIELD.

The FICTORE stting contains  baoth
floating and zero suppression fields.
The compiler ignores +the uaser-supplied
PICTUORE amd treate the daske 1ter asn
glphanumeric With a "EISVURE AT
declaratian.

ILLEGRL S¥NTAL IM PICTORE STRING.

The PICTURE sString dis nok apec]iled
correctly accotdingy tow the rulee of
PICTURE etring Syntaxn. The cocmpiler
ignores the uwaser—-supplied FPIJTURE and
Ereatz the data item as alphasnumeric
with & "PICTURE X" declaratian,

MULTIPLE ORECIMAL P2INTS IM PICTURE.

QPERAND IM USING HMUST BE

INVALIO DShGE. L[CGHORED.

MULTIFLE OSAGZE CLAUSES.

The PICTURE =tring <oatains maltiple
decimal point sepecifigcations (V's, P's,
or pericdsl. The compller lgpores the
neet-susplied FPICTURE and cEtreate the
data item a= alphanumeric with a
"PICTUEE X" declarstian.

LEVEL 01 Or 77.

only levwel 01 or 77 LIWKEAGE SECTICH
items may appear in the DSING phrase of
a PROCEDURE DIVISION header. Fakal,

The TUTSAGE clause containe an inwvalild
word. The compllar ignores the entire
USAGE clangm,

L&ST USED,
The defined data~nams has multiple USAGE
claugges spaciFied. Thke last USAGE
clause asSpecified i= used ay the
compiler.

OIAGHOBTIC ERROR MESSAGES
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MGLTIEFLE COCORS CLADSES.

LAST TUSED,

The: defFined dakz-neme has multiple
QCCURE  ¢lauges gpecified. The compilec
usaad the lask DOCURS clause specified.

$25 OCCoRS SPECIFICATION ERARDR. 1 AESUMED.

526 DATRMLME OMITTED IM DATA

52T

s3in

a3z

The integer eptry af the QCCUORS clauae
iz either non-numeric ar nan-integer or
iz not in the range 1 ko 40403, The
compiler assumes an integer waloe of 1.

DESCRIPTIGK EMTEY.

The data-name declaratlon iz omicted
atter a level-numbey in +the data
deacription entry. The compiler supplles
a ayetem-deFined name and proceeds with
the processing of the data descriptlon
entry. The system=defined pame i=
trangparent and, thus, itaccessible to
the ueer.

InvaLID IMDEX HMAEME. IGHORED.

Tha compller did not recognize a walid
index name in the INDEXED BY phraze.
The campiler igmeres the IRDEXEDR  BY
phrase.

USAGE OPTION NOT YET IMPLEMEMTED. IGHORED.

TERMINATOR COMITTED AFTEER

The compiler detected COXP-1 in  che
USAGE  clause. This optlon ia not
implemented and 15 ignored. The default
TSAGE of CIZPLAY is usged by the
compller,

DRTAITEM DRESCRTIBPTEON.

A deta deecription enkcy 1n  the DATA
OIVISION ie not terminated by a period.
The compiler assumes the period is
present and continues processing.

INYALID SIGHN IM NUMERIC PICTURE.

The sign character 5 ie detected in &

poEition ather tnan the leading
character pogition of a oumeric PICTURE
stcinyg. The compiler igngores tho

nser-supplied PICTIRE and treats  the
data Ltem a5 plphanumeric with a
"BICTURE X" declaraklan.
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534

515

L

E40

343

PICTORE CLANSE OMITTED QN ELTMEMTAEY ITEM.

An elementary item is recognized with
its FICTURE  <lause amitted 1n  the
descripklon. The ecompiler treats the
deta item aa alphanumeric with a PICTURE
¥ declaration.

WUMERIC ITEM EXCEEDRS 18 DIGIT MAX. TREOWCATED.

& numeric field is defined im this
PICTUBE wlth moce than 18 digits of
preclslan, The numeg i fleld i=
truncated to 13 digita.

COME TTEM TECEEDS 1H DIGITS. ASS5IGH 4 WORDE.

A COMPUTATIONAL data item exceeds 13
digits In Its cpeciFication. The
compiler truncates it and allocakes Eour
worda for iks run-time sborage,

IHDEX ITEM HAS ILLEGAL CLADSE.

The compiler recognized a JUSTIFIEO,
S¥YNCHROWIZED, WALDE, PILDTURE, ar SIGH
2lause on a daka-item description that
has TIHDEX (SREE, The compiler ignoresa
bhe aflensive clause.

HMUMERIL WALUE FOR ODISPLAY ITEM. TIGHCGEED.

The WVALIE clause sapeclfles numerile walue
initialization for a MOoOTN=TUnEE 18
dzta=ikem that i=s defined with DISPLAY
UEASE. The VALUE clauae ia ignored.

VALOE T LOWG. TRONCATED.

The non=numeeis litergl in the VALDE
clauee is leonger than the aeaociated
data—iter. The literal is truncated on
Ehe righk ko fit in the storage
allocated to the data-Ltem.

CLANDSE DUPLICATION. L[GHORED.

This clause has been previously
cecognized for this item. The duplicate
clause 15 ignorced.

[HVELLO WORD IH ELANE WHEW ZERO., TIGHORED.

The keyword ZERD was not recognized 1in
the BLAME WHEN ZERD claus=s. The entire
claucge iz ignored.
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543 TLEVEL NUM3 UHNEQUAL IN .RODEFINES. CLATUSE IGHWOGRED.

4 REDEFINES <¢lauee attempte to redafine
two ltemz af Adifferent level numbesrs.
The REDEFINES clauee is ignorced.

hd4 POSSIBLE OVERLAF OF DEPENDING ON ITEM AND TABLE.

545

296

247

2

551

LEVEL ILLEGAL AFPTER 77.

FPERIOD: OMITTEDL ARFTERE .EX

The BDEPENDING ©ON item and varilable
lengkly table area both dJdefined in the
LINEAGE SECTION. Becauyge LINKAGE
SECTION items are associated wilth date
iteme appearing in a CALL stakement,
there 1= no way at compile tilme to
ensure that the DEPENDING ON items and
table i 1) not ovetlap, The COBOL
run-time RTS does not check for owverlap
pf the DEFENDING OH item and the table
during execution. It is, therefore,
YoRE repgponeibility toc ensure that
overlap daas not Sofur.

TEEATED &5 01.

bn invalid lewel number (02=-49) follows
a 77 lawel item. The 77 level irtem is
treaked aa an 01l lewel item. This
actlion <an canse further diagnustics 1F
it iz #ot a velid group item.

IT PRCHSTAM.

The words EXIT FROGEAM are not followed
by @ pericd. The error is ignoced.

EXIT PROGEAM. HOT LASTSTMT OF SRNTENCE.

REDEFINING LENGTH SRQTLD

REDEFINITION OF

-QCCORS,

&n EXIT PROCRAM statement appeats In s

ERUance of statements  within a
Sentenioe ., But, ik 13 nat Eehe last
ckptement, All of chke =stakements

follawing 1t are compiled, but can newver
Le executed,

MATCH ORIGIMAL LENWGTH.

The length of a moan-01 lewel REDEFTHEG
item is n#ot kthe same 38 the length of
tEhe jtem it REODEFINES. The new length
iz wsed,

ITEM. ISHORED.

Items with JCCUERS cannek be
redefined. REDEFINES is lgnored.
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a3

354

556

557

580

PROCEESING RESUMES AFTER BAD FT,

Frioy to lesuing this message; the
compiler diacovered bad aynkcsx in the FD
of the FILE SECTICH. The compiler at
that time igzued an eErar mMeSeRge
identifying the =yntax errocr. Then the
compiler attempted to recognize anothet
FD, the WOIRKING-STOBRAGE GSECTION hesder

or the FEOCEDURE DIVISION. Upan
recagqnizing one af these three languoage
glementa, the compller id=sgues this

diagnostle to  indicate that neemal
procesging has roesumed.

INVALIL CLAUSE FKEYWOBRE. OTHER CLAIZES SEIFPED.

A réserved clausie keywdrd was exXpected
at this polnt in a data item desoriptlon
entty of the DATA DTVISIOM, but was not
recognized by Ebe compiler. The
compiler ekipa tao the next level number
data iekem description,

INVALID WORLD FOLLOWING .WALUE.. ILGNORED,

The WVALUE rclause rconktaina am inwvalid
word for this data dezcription. The
ehkblee VBLUE <¢lause is ignored.

VALUE COMFLLICT. GROQTP VALUE OS5ED.

The WALUE ¢lause assigns 3 value to  an
item subardinate to a group ltem that
alza has B VALUE clause. The
aubordinate VALUE clauee 3 Ignored.

LEVEL WUOMBEHR OMITTEDR. ITEM IGHCRED.

The lewel number has been cmitted in &
data-item descriptiocn. &11 acurce hext
15 lgnered up to and including the next
paticd.

HO “ALUE AFTER CONDITION WAME. B8 IGHORED.
En 89 level condition=-name hes no  WALUE
clause speclfied. The entire BE level
deta-item is lgnored,

SYNTAX ERROR IN SWITCH CLEUSE. CLANSE IGHORED.
The EWITCH clause has a syntax crrar i

lta zpeciftication. The compiler lgwnares
the entire claunss,
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=1 4

=1 ]

=1

570
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LB, MISSING IN ADVANCING PHBASE. LSSiTMED.
The tkeyword KRD is wmissiog in the
ADVRNCING phrase ofF the DISPLLY
atatement. MO i3 assumed prezent.

L ADVAMCING. MISSING AFTER .HO.. ARSUMED.
The keyword ADVANCIRG 13 miesing i the
ADVANCLIHNG phrase of the  DISPLAY
statement. ADVAHCIHG is aggumead
prescnt.

DTRELICATE ODAhTANAME DECLARATICN DETECTRED.
Tn the ERVIRONMENT DIVISIOR andsar DATA

ILLEGAL PARRGEAPT WEARRER

ILLESAL PARAGRAIM HERDEE

MUMERIC LITERAL ILLEGAL OW GROUF ITEM.

LENVIRONMENT .

TEEMINATOR MISSING AFTER

TEEMINATOR MISSING AFTER

DIVISION, a data—name 1=z dAefined that_iﬁ
not uniguely referenceable even with
complete qualification.

ID DIV. PAR IGHORED.

An illegal paragraph header appeats in
Ehe IDENTLF ICATION LIVISIUN. The
pacragraph iz ignored.

BNV DIV. PAR IGHORED.

An illegal paragraph header appears in

the EMVIROHWMENT DIVISEON.
ig lgqnored.

The patagraph

IGHORED.
L numerie literal i1s  illegal in the
VALUE clause of a graoup item. The VALUE

clavse 18 lagnored.

HOT FOLLOWED BY DTVISIMN..

The word ERWIROHMMENY 15 not followed by
the word DINISION. TDIVISION is assumed
pregent.

DATER BIVIRIDH. HEBDER.

The OATA DIVISION hosder iz not Eollowed

by & pericd. The petlod ie aasumed
present and processing cartinues,

PARAGRAPH HEADEER.

M paragraph header in the IOENTIFLICATION
ar ENVIRONMENT BIVISION i= not
terminated by 3 period. The period is
asaumed present atd processing
conktinuas.

DIAGNOSTIL EREOE MESSLGES D47
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=74

BN

B0l

602

B0

04

«RENAMEE, SPECIFIES STORAGE QVERLAF ON RIGHT.

in proceesing the REMAMES <lause, the
cempiler detects Ehe copdition in which
the end of the =rprage allocated ta  the
data=name after the THRD keyword iz not
to the right of the end of the storage
allocated Eto the data-name after the
RENAMES keyword, The <ofpiler ignores
the entire HRENAMES data description
EntEy.

LSECTICH. CMITTEL FROM EECTICH HEADER.

ADn ENVIROMMEWNT DIVISIOE Section name is
not followed by the word SECTION. The
error ia igneored,

TERMINATOR MISSING AFTER SECTION HEADEER.

bn ENVIRCHMENT RIVISION sSection header
ls not terminated by & poriod. The
error i ignored,

ILLEGAL LEVEL FUMBER. TREAT &S 01,

Tnis level number 1= nockt an 01-49, €6,
77, or EB level number. The leval
numser is assumed to be 01,

TERMINATOR MEISSTHG AFTER EMV DIV HEADEE.

The ENVIEOMMENT DIVISION header 12 #ot
terminated by a3 peried., The peried is
dssumed present arnd gracessing
continues.

DLTL. WOT FOLLOWED BY DIVISION.

The waotd DATA is not fellowed by  the
ward DIVISICH. DIVIZION ie aasumed
present.

ENVIRECHMENT DIVISIGON HEADER OMITTED.

The program <ontalns no EHVIROMMENT
DIVISION headet, The compiler resumes
Processing ak the next parsgraph header.

UNBECOGHNIEARLE COBOL EFROGEAM FORMAT. LRORT.

The compiler is unable to recoagnlze the
regerved word IDENTIFICATION aa the
firer word roguired in a COBAL  aource
orogram, Fallure to recogmize this
reguired reserved word may be due to opne
of the following tcasons:
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ol

La7

510

5ll

w12

{1} ICENTLEICATION iz, in  fack, omitted
gz khe first werd of the saurce file,
[2] the uger is attempiEing to compile a
COBOL  scurce  progcam  ln conventienal
farmat withenot spacifying the
cooventlonal Ffarmak switch, <ot (3) the
user ig stbkemptimg to compile & file
that iz not & COBOL =Scurce program. The
compiler 1seues a 2tring of dliagnostica
and then aborts the compilation.

LIDENTIFICAETION. WOT FOLLOWED BY DIVISION..

TERMINATOR OMITTED AFTER

The word TOENTIFICATION is not  followed
by the word DIVISTOM. DIVIZION L=
azeumed present.

L0 DIVISIAN. [EADER.

Thne IDENTIFICATION DILVISION header 13
rot  terminated by a petind. The period
la aesumed present and pEDCBSELNY
contlnues.

.PROGRAMIT, EXFRLTED AFTER DINV1SION HEADER.

TERMIKRTOR OMITTED AFTER

IMVALID EFROGRDLM NLME IMN

The IDEKTIFICATION DIVISION hbeader 15
ook Mallowed by the PROGREAM-IL
paraagteph. The error is l1gnared and
rracesslng cabtinues.

PROGID. FPARA HEADER.

Thre PROGRAM=I0 paragraph-bame 1is nat
torminacted by a period. The period is
assumed presank and processing
conkinuadsk.

LPRACEEM ID. PARMGRAPI.

The program name of the FROGRLK-LTD
patragreph contains an invalild character
or  exopedz the mazimum  tendibh. The
ercie 1= ignored and procesaing
continuee.

TOO MAEWY FILES FOE LUNS OR TEMPORARY SPACE.

The compiler has discoversd either that
more tham 3% Flles are declared in the
pregram or that more than 39 8AME RECORD
ARER clauses are specified in the
program. The compiler imposScs & limit
of 30 in bath c¢ezses, because the
aEsuciated compllier andSor  run time
tabhle space l2 exhausted.
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B15
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B17T

B0

621

IRVALID WORD SURAPEMDS PROCESSTHG. GSCAN FORWARD.

A0 unidentifiable word i1s found where a
verb 1l edpocted. The conpiler scangs to
& waorh, pericd, or word in Area B.

PROCESSING RESTARTE ON VEEE.

Dus ko & previcus syntax ercor, Ehe
compiler scanned forward for the next
vwerb, period, or Area A word at which to
reBpuImE compllakeian, The coampiler
recognized a werb and resumes normal
compilation at this point. This message
is an observation only.

FROCESSING RESTARTSE ON PROCEDURE HAME.

Due t a previous syntar errar, the
compiler acamned farward for the next
verb, period, or Area A word at which ko
Ees i e compilaticon. The compiler
recognized an Area A wotd  and resumes
compilation at this poinkt. This message
1z an obscevation only.

PROCESSIKG EESTARRTS AFTER TERMIMNATOR,

Due to a previoua eynbtax errar, the
compiler scanned forward for the next
verk, peciwd, or Area & word at which to
I4%ume compilaticn. The compiler
recagnized a porlod and rosumoes nocmal
compilation an the word following the
pericd. This ie an observaticn only.

+ IDENTIFICATION. REYWORD NOT IN ARER R.

The campiler detocks that the
ILENTIFICATION kKeyword 12 1ot inm hrea
2. The compiler ignor=s the error  and
cankinues processing.

PeREARGHAPH TERMINATOR ASSUMED OMITTED.

A paragraph was terminated withouk a

period, The periocd 15 assumed and
proceasing continues,

+ LINAGE . INWALID EOR THIS FILE. <CLAOSE IGHOERED.

The LINAGE clauae muet nok be specified
for & fllec that has RELATIVE or INDEXED
organizaticn. The LINAGE clauee ie
Ignored.
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624

L]

1

Bd7

634

631

+JUOSTIFY .

BELENK WHEN ZER{,

INVALITY OF MISSTNG

DEPTH OF MEGTEL

TERMIKLTOR WISSIMG AFTER PROCEDURE HNAME.

A Eectign or paragraph name 14 (Aot
tecminated by & pericd. The peried 1ls
assumed preaent and processling
contipues,

.EL3E DOQES NOT TAVE ASHEOUIATED LTIF.. IGRORED.

The ward BLSE has noe eagociated  IE
gtatement. The ELSE 12 Lgnored,

WERPR EXFPECTED TO FULLOW BLGE.. .ELSE. TLEHORET.

A gentence endz wieh the word ELEE. The
EL5E iEs ignored.

WITH NUOMERIC OFR ELITED ITEM. IGHCERED.

The JOEBTIFIED clause must ik be
aoeqslfied for a oumeric ar
numeric-edited detr item. The JUSTIFIED
clause 13 ignored,

ILLEGRLLY SPECIFIED. IGHOEED.

The BLAKYE WHEN ZERD <lause aust he
specified anly Eac & tumer e or
numeric—edited data item. The clause iz
lgpored.

DATANAME ARETER ,EEDEFINES. .

The compiler detecks the omlssicn of a
wvalid data-name reference foullowlng the
keyword REDEFIKES. The compllor  ignoree
the REDEFINESR claunee and continues
ptocessing the daka descripbion entry.

BEDEFIHES. MOST FOLLOW LDATE HAME. LGHORED.

The REDEFINES keyword appesrs in the
wrong paaiticen ©f a data description
entty, The REDEFINES clause 1= ignored.

EXCEEDS LIMIT.

A neepted IF atatement haa exceeded the
max imum depth of 0 lavels. The
compiler ignoree nesting beyend this
depkth.
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614

G535

B3E

B37

bad

D-2d

DUPLICATE PROCEDURE HAME DETECTED.

In khe Procedure Divisionm, & paragtaph
or sectign—name ie defined that is not
uniguely referenceaklse 2TET with
qualification.

REFEREMZE T UMDEEIMED PALRAGHAPH MAME.

In cthe Pracedure Divisionm, an explicilt

guallficd refecence is made to a
paragraph-mame *hat is uondefined in Ehe
section specified by the gualifier.

PILEHAME LITERAL TOW) LONWNG. TROWCATED.

A Ile specification 1n the REBICH
rlanse exrceeds 150 charackera in length.
It i% truncated ta 150 charackters.

1LLEGAL SYNTRAX IM GO To. STATEKEHWT.

The compiler detects illegal synktax in
the GO TO staktement. Fatal.

INVALEZD TWTREGER OR DATANLME.

In the LIHMAGE olawvse, kRhe compl et
failed ta cocagqnlpe a non-negative
integer literal or & numeric ILnteger
data-tame, Thls phcase of the LIHRGE
clause 13 lgnored.

L0 T0.  HAS MULTIPLE FROCEDURE WRMES.

& GO TG atatement wlthout the DEPENDIAG
(N} phrase has mare than CIe
procedure-name. Fatal.

IdvwaLID WORD FOLLOWS .DATH DIVISTOW.

The word followinmg the DATA DIVISION
header eitkher dApoez naot skark 1n Area &
or ig not one of the rasarved  words
FILE . WORK LHG=STORAGE , LINKAGE, ar
PROCEDORE. The compiler skips all
sauras  text wnkil one of the keywords
FILE., HGRKIHG-ETDE&GE, LIHEEGE, ar

PROCEDURE 12 recognized.

DIAGHGSTIC ERROR MESSAGEE
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INVALID WORD IN FILE SECTION. SCAN FORWARD,

An invalid word was detected In the FILE
YECTION where  the keyword  FDI i3
expected. The compller skips all soutrce
text until one af the keyworde FO,
WORKING-STORAGE, LINEAGE, or PRICELDURE
iz reooognized.

OMITTED LARELS TGHORED WITH VALUE OF [D.

The LABEL RECORDS BRE OMITTED clause iE
ignored if VALUE OF I 1ls speciflad for
a file. STANORRD lghels are assumed.
Warning.

SECTTON. BEXPECTED AFPTERE HEADER WORD.

The keyword SECTTON 19 omltted after the
woed FILE, WORKING-STORAGE, OF LINKAGE
SECTION. 1t is asaumed present @d
processlng continues.

TERMIKLTOR EXPECTED AFTER SECTEON TEADEER.

Tne  FILE  SECTTON, WORRIRG-ETORAGE
ERETIGN; <©r LINFAGE SECTION header is
nat terminated by a period. The peried
ia aesumed gnd processinog cintinues.

OF. OR .I0. MIZSING IN LVALOE OF ID..

One or bath of the keywerds CF ot ID is
omitted in the WATID OF Ik clause.
Their presence s assumed and praocessing
rantinues.

ILLEGAL WCED 1M ARER A, SOAN FOHWARD.

In the WOREING-STORAGE SZCTION, an 01 or
IT level number or the BFRMCEDURE keyword
was eupected In Area A, but was not
recognized, The compller skips all
goutrce  kext uankll ome of the three
gipected language elements is recognized
1n bhrea A&.

GROOE LEVEL VALOE, DISALLOWET,

The VALTE clauge afn thls group item is
nok permitbed becauss a subordinate
elementary item has a noo-DISPLAY ueage
specified wor has & SYHCHROWIEED clause
specified. The group VALUE clause is
lgnaced.
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034

REFERENCED LINEAGE SECTION ITEM NOT ID .PD. D3ING..

This LINEAGE SECTION item has hacn
telerenced  in the PRACELDURE DIVISTON.
Howayer, belther this ftam nor the level
01 to which it is subcrdinate appearced
In the PROCEDUBRE DIVISION USTHG phrage.
anly those LiMkAGE SECTIDN items
appeating 1n the FPRICEDURE FIVLISTION
T8ING phrase, ar [tem=z subordinate to
them, may ke referenced in the FROCEOURE
DIVISION of a COBOL wragcam. Fatal.

NoN=-5E0 FILE INM MOLTIPLE. FILE TAPE. CLAUSE.

In the I-0 CONTEOL paragragh, Ele
MULTIFLE FILE TAFE vlause l: specified
for a file whoze orgamization i1is not
SEQUERTIAL. The HOLTIFLE FILE TAPE
clavuee ie ignored for this file,

LWAELDOE. CLAUSE ILLEGAL IM FILE SECTION.

SYNThE ERROR IM CTREERCY

ILLEGAL CURREECY S5IGH.

A VARLDE clauee ie specified for a daota
description entry given in the PILE
SECTION. The WALOE clavnee is ignerced.

CLASE.

The alphanumeric literal expected ko the
CURRENCY 510G louze of the
SPECIAL-NAMES paragcash igs omitted. The
clages 15 ignored and the corrency sigo
defaults to the dollar sign.

The alphanumecrlc Liktecal In the CUORREHCY
5IGN  «<lausc Js nok allowsed as the
curtency =21gn elther bhecapse the litersl
iz longer khar one characler or bacause
it i=s am invalid <O0BOL currency =idn.
The CORBEHCY SIGH clause is ignored, &nad
the curtency Sigo defaults to the dellar
gigmn.

SPECIALHAMES CLAD3IE IWNVALID.

o unrecogolzable word appears in &
poglblan where g SPECTATL-WNAMES paregraph
clanee keyword i= ezpected. &11  soocce
text 15 skilppod until the next keyword
is recvdnlzed.

DIAGHOSTIC EREQE MEESAGES
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ak3

£G4l

£65

GRE

CYNTAX EREORE IN DECIMALPOINT CLATEE.

The kayword COMMA Lls omltked in  the
DECIMAT-PQINT I3 COMMA <olauge of the
EPECIAL-WAMES patagraph. The clacse is
ignored.

LAFTER. MISSING IN LUJSE. ITATEMEHT. ASSUMED.

The kKeyword AFTER ia omitted in the UEE
statement, AFTER iz assumed present and
processing centinues.

Mg .ERROR. OF ,EXCEPTION. [W J0OS5E. ASSUOMED.

dJne of the keyworde ERROR or EXCEFTION
is omlitted ip the USE statement. The
migsing keyword is assumed preschnt and
proceasing continones.

N FRORN CLATSES IN SPFECIACHAMES.

The SPECIAL-WAMES paragraph contalins no
valid «clanses. Thls 12 an obsesrvation
only.

REDUNDANT .UBE. COVERAGR. PREW. .08E. IGHORED.

Multiple USE etatements have referenced
the egame fila. The Last USE stakement
specified 15 then appl led Lo the
referenced file. Fatal.

URENOH QPEN MODE TW ,I[MSE. STATEMEHT.

An unrecognizaidle COFEN mada option  waa
gpaecified in the D3E statement. Fatal.

GRODP ITEX HAS BEEM CALLED FILLER.

N FILLER item canpnck have any elementarcy
items subardlnate +ta ik, The compliler
replaces the PILLER declacablon with a
eyetem-defined name and praceeds with
the processing of the newly-nemed group

item. The gystem—definad name is
transpacent a&and inaceeasible tao che
uger.

MIBSING ENVIRONMEMT DIWVISIOHN.

The progtam does nat contain A

EW 7L ROHMENT DIVISION. The compller
gkipz to the DATA DIVISION and contlnuee
procegsing.
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D=58

DIVISION BY REEROD.

The divieor o4f a DIVIOE gtptemepnt 13 a
literal of zero wvwaluoe. The arepr s
igmored.

VALUE NOT PEHUHMITCED WITEH THIS TTEM.

2 VBLUE rclauee ie recognized In a daka
deacription crotey that contains a
REDEFTNFES o©or an OCCORS clause. The
VALOE clauee is ignored,

INVALIOD COMSTANT OR LITERAL POLLOWING .ALL..

The tesetved word ALL Ia not followed by
a8 non-pumeric  litecrsal of a flguratlive
constant. A&ALL is ignored and proceeaing
continues.

BaD FLLEWRME IN .TSE. STATEMEHT.
An unrecagnizable word appeat2  whete &
file—name is expected in the OSE
2tatement. Fatal.

FILE WOT CLOSED.

The referenced file was opened, bhut
there was no CLOSE statement detected
for this File 1n the program.

SUBJECT OF .ALTER. 15 SECTION MAME.
The LLTER statement references a sSscion
oaune . Only paragraph names may be
altered. If thiz statement ia reached
during exacutian, +the program $will be
aborted.

FILE COVRRED BY COMEFLICTING USE FROCEDUZRE.
There wae mare khen one conflicting OSE
procedure gpecified far the referenced
Eile. Fatal.

DATA DIVISTLON EXCEERDS ADDRESS RANGE,

The maximom DATA DIVISION =ize is BS,535
bvyte=s. FPatal.

SUPPLIEN WALOE INVRLIOD FOR WITM ITEM, TGNQRE[D.

IThe VALUE clauee gspecifies invalid velue
initialization for a numeric data item.
The compiler lgnores the WALTE clauso.

0IAGHOSTIC ERROR MESSLGES



700 PFILE RCCEZSED BY VERR REQUIKRING REL. QR IDX OREG.

701

Taz

Tah

TQE

707

TLd

& file whose orgenization is SBEQUENTIAL
iz rteferenced by the STRRT or DELETE
verbe ar by an I/0 wverk that hee  the
INVALID X¥EY «<leuse cspecified. 1In 81l
thezse caees, the referanced file must
have RELATIVE or INDEXED oroanization.
Fatal.

FILE ACCERSRDR BY VERB REQ. SEQUENTIAL ORG.

YEEE HNOT IMPLEMEWTED.

OZCURS ILLEGRL FOR 01 OR

LACCEPT FROM,

QEJECT WOT

A file whose organization 1ls RELATIVE orf
INDEXED iz referenced by an IS0 verb
that has the AT EOP opr ADVANCING clauses
specifled. The teferenced file must
have SBINEMTIAL npeganizatiom. Fatal.

Ln ANS 1%74 COBOL werb appears khat is
aok  implemented inm this telease of the
gompiler. The compiler scans to anather
verb, period, or watd Iinm Area A.

77 ITEM. IGHGQERE.

Ao OCCURES ¢lause ie epecified £or an @1
ar 77 lovel daka=pname. The compller
lgpnres tha OCCURS clawuse.

I3 ZPECIALMNAMES.

Thne mnemonic-nase used In the ACCEET

gtatement wras fi0t fdefined in the
SPECIAL-WAMES patagraph. Fatal.

ACCEPT LODENTIFIER INVALID.

DATRANAME ATTER

The word following the ACCEPT werbh ig
not a data-name ar 15 a dats-name that
has non-DISPLAY weegds ar invalid class.
Faktal.

YERE (3R COND. CLAUSE CONFLICTS WITH FILE ACCESS.

There iz a oconflict betwesan Ebhe ACCESS
MaDE of the referenced file and the I[A2
verba and/or candition  clauses that
referenee thias file. Fatal.

G0 DEPENDING. LNVALID.

The word following the DEPERDING OM
phrase ©f the GO TO statement i= not a
Jdeta-name or is a data-came that haa
INDEX usaga, Fatal.
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TL5

116

717

Tan

121

Tad
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INVALID CLASS OF DATAWNAME APTER .30 DEPENDING.
ThE.dﬂtﬂ—ﬂEME fﬂllﬂwing Ehe DEFENDING 0O
phrase of the G0 TD statement ls not a
numeric data-pame ar  is A numeeic,
nan-integer data-pame. Fatal.

+OIBPLAY UOH. QBJESCT HOT IH SPECIALMAMES.
The mnemonic-pame ueed 1ipn  the DISPELAY
statemenk wWaE not defined in Ehke
SPECIAL=MAMES paragraph. Patal.

LOISFLAY. DOFERAENT IS5 INVALTID.

A data item in the DTSPLAY statemenk has
invalild ¢lass or USAGE.

MISSING DR INVALID OPERAND FOR ARITHMETIC VEERE.
Gne wf the coperanda aof an arilthmetlc
stgtement 15 elithee missing or invalid.
Fatal.

MI95InG OR THVALID SOURCE CPERAND.

The Sdurece vperand ie migsing fallowling
an asrithmatic verb., Fatal.

MISSING OR INVALID DESTIMATION OPERAND.

LSIVING., REQUIRED AFTER .DIV...EBY,

The GIVING phrase INTO is missing in a
LIVIDE...BY =statement, Fatal.

BIVING. REQOIRED AFTER LITEERAL QPERAMD.
The GIVING phrase iz reguired if the
second apatand of an ADD, DIVIDE,
MULTIFLY, or SUBTRADT sSkakement 13 &
litcral. Fatal.

+BY, MISEING IM .MULTIFLY.

The keyward BY is misaing ity & MOLTIRLY
gtatement. Fatal.

BY., OR .INTO. MTSSING FEOM .DIVIDE.

one of the keyworde BY or INTZ2 12
migzing from the DIVIDE =statement.
Fatal.
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T

Tlh

27

730

131

7131

Ti3

FROM, MTS5TMG IM . SUBTEARCT.

The keyword FROM 15 wmissiny From  the
SUBTRACT statement. Fatal.

FILE HEEDS DYRAMIC ACCESS FOR .READ MEAT..

Ity & EEAD WEKT =stetement, the referencred
file must hawve ACCESS MODE 15 D¥HAMIC
gepecified in the FILE-ZCHTROL paragtaph.
Fatal.

BAD PROCEDVRE WAME IW .FERFORM..

B missing or invalld procedure name is
recagqnlzed 1m the PRERFORM ekcatsment.
Fatal.

ILLEGAL GFERAND OfF .PTIMES. OFTION OF .FERFORH..

The TIMES opperand of the PERFOEM
scatement iz oot a numetle  Integer
data-name or nwiecls  lnteger 1lteral.
The compller a=zagymea &5 value of 1 for
the TIMEE operand,

.TIMES. MISSING FREOM PERPOEM.. ASSUMED.

The PERFORM statement does 0ok conkatn
the keyword TIMES but does cankaln the
iteration value reguired to executs tho
PERFOEM correctly. The keyword TIMES 1s
assumed present.

FEOCEDUIRE KLME OMITTED 1IN .RLTER..

b valid procedur e—name was ok
recognized in the ALTEER =statement.
Fakal.

ILLECAL .ALTER. DUE TOQ MISSING .TO.,

The keyward TQ was nok tecognized in che
ALTER statement, Fatal.

FILE HARS VAR. SITE RE{S. .RERD INTO. ILLEGAL.
It iz 1llegal for the READ INTS
gkakement FEo reference a file that has
muleiple record desceiptions ak
different lengths. Fatal.

FILE ACTESSED BY VERE EEQUIRING .LINAGE.
A file that did mot have a LINAGE clause

in its specificatlon 18 accesaed by an
10 werk., Fatal.
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Ti5

730
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7431

T2

+OELETE, OR .REWRITE. WITHOUT INV. EEY OR OGE.

4 DELETE or EREEWRITE statestant without
Ehe IKWVALID KEY phrase references g flle
for which there isa no USE procedure,
Takal.

OPEN MODE QR NO REARD PROHIBITS REWRITE 0OF DELETE.

4 DELETE or REWRITE statement referencee
a file that was not 0OFEKed in the proper
mede  or  that has nn READ Statement
referencing it im the peogram, Fetel.

« START. COMFLICTS WITH COFEN MODE.

b START statement referencee a file that
was not opehed tn the proper  mode.
Fatal,

SWRITE. CONFLICTS WITH COPFEM MOODE.

A WRITE etatement reforepnces a flle that
was not opened in the proper mode.
Tatal.

LFEEAR. COWFLICTE WITH OPEN MODE.

A BEARD gtakement references a2 file that
iz only opened in OUTPUOT o EXTEND mode.
Fatal.

OS5E MOT IN DECLAR. OFR NOT FCOLLOWIMNG SECTION HAME.

The USE statement iIe not in the
DECLARBTIVES s=ectiom of +the PROCEDUERE
LIVISION ar 1= npot immediately Callowlng
g gsection name in=ide ktha DECLARBTIVES,
Facal.

MORE THM 25% ALTERMATE EEBEYS. IGHORED.

The maximum of 255 ALTERNATE KEYS hes
been exceeded. The clause is ignored.

INTESER IN SWITCH CLADSE INVALID OR OMTTTER,

L SHWITCH <clause of the SEFECIAL-WARMES
paragtaph cither contaics an  Inwalld
pumarlec  lntegar o9r  has cmikttead the
integer in it= gpecification. & AWITCH
clapes inkeger must be In Ehe decimal
range l<=n<=1hA. The SWITCH clau=se is
ignored.
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Ta4d

140

748

Tat

730

7561

752

.15, OMITTED IH SPECTALNAMES. ASSUMED FRESENT.

The regquired keyword IS5 ie omitted In &
clause 9F the SPECILAL-HNAMES paragraph.
I5 iz assumed present and procaessing
cankinues.

DEVICE MHEMOHNIC CHITTED TH SPECIALMAMES.

L valld device mnemocnic—name 1 oot
recognlzed in pne af the COESOLE,
LINE=FRENTER, CARD-READEE p
PAFER-TAFE-RAFALER, or PAPEE—TAPE-PUNCH
clauses of tne SPECIML-NAMES patagraph.
All zource thexk is  skipped untll che
nekt recognizable keyword.

TERMINATUOR OMITTED IM SPECIALH&MES.

The SPECIAL-MAMES paragraph 1= not
terminated by a period. The period is
agaymead presenkt and processing
continues.

SUBJECT QF ,ALTEE. WNOT .0 Td.. ALTER IGWIRED.

The paragrapn teferenced by ai ALTER
statement Jdoe=E not contain a G2 TO
statemank gae ite firat statement. The
ALTENK statemenkt 13 lgnored.

EE¥WORD OMITTED IN JSWITCH. CLATSE.

ome of the keywords OFF or ON is omlthed
inm the GWITCH clauge  of the
SEFECIAL-HAMEE patragraph. The BWITCH
clause is ignored.

COMDITION MAME MISSING IW .SWITCH. CLAUSE.

L wvalid condltion-name ia oot recognized
in the SWITCH zlaunae of the
SPFECIAL-NAMES paragraph. The SWITCH
clauge is 1qnored.

LR OE COB. HOT AT RIGHT EXND OF PICTORE.

The FILCTURE symbgl CR or DB dees Dot
appear Ak the right end of Ehe PICTURE
strinu. The compiler iqnores the
weer-gupplied FBICTURE and  treats the
data “em ag alphanumer 1c with a
"PICTURE X" DECLARATION.
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133

754

TER

120

TRO

761

el

163

Ta4

LCHR. OR .DE. USED WITH SIGHED ITEM.

Both the PICTDRE eymbola, CR o DB, and
g sign, + ot =, appsar 1n the sane
EICTURE. The compiler lanores the
uzet-sopplied PICTUORE ard treaks the
data item a= alphanumer ic with a
"PFICTORE X" declaratiom.

MULTTPLE DEFIMITICM OQF SW1lTCH. FIRST OSED,

Multiple definiticne of & [COROL  =switeh
are  dekected in  the SpPECIAL-NAMES
paradtaph. &AlLl but the first definition
of SWITCN are lgncteed.
« SENTEHNCE. MRESTMED BETER .HEXT.
The Xeyword HEXT is not followed By the
keywrrd SENTEHNCE. SENTENCE ia aesumed
preeent and procegaing contlioues.
CIRECRIPT HOT MUMERIC INTEGEE.
A data-name uzed az a subscript i= oot

numarliec In ©lass. A defanlt wvalue af 1
iz asaumed ae the aubk=Ecript.

ILLEGAL S¥MTAY INM .DOIVIDE. STATEMENT.

The compiler detecks 1llegal sSyntax  in
Lthe DIVILDE statemeat. Fatal.

IMDEXED FILE REQOTRES .RECORD EEY. DIPHRASE.
Self erxplanatary.
EECORD EEY IWVALID FOR THIS FILE.

The RECORD KEBEY clsuse in walild anly foy
indexed files.

.ALT EECDERD KEY, TWVALIR FOB TITLE. TIGHORED.

The LLTEREWATE ERELZRDE EEY <lawgse 13 wvalid
only {for [ndeeed files.

READ=LHEAL. OR. WRITE-BEAIWO, WOT SUPPORTEL.

The APPLY REAN-AHEAD and APPLY
WELTE-BEHLMND rclavuses are nokt gupported
In khis verslon of the cvompllee. The
LEPLY clause ie igwaread,
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]

Ta6

-

770

771

T2

T3

INTEGER INVALIL IN. RESERVER RREA. CLAUSE.

Tpe nusher of buffer areas resetved by
the BRESERVE <olauee is imvalid. The
clause iz igrored, and the BMS defaclt
15 used.

BAD VALUE IN BLOCE CONTRINS CLAUSE.

The owmetic liceral in Ehe RATOCE clause
= le=s than the sum of the record sizt,
the record header size, and the bucket
header eaize. The BLAOCK IOWNTAINS clause
ia igoored.

YALUE IW. BLOCE COKTALNS. CLADSE I5 ROUWDED UP.

The pumeric literal 1n khe SLOCE olause
ia mnot a multiple of 312. The value is
roynded up to the pett even mulebiple of
512.

EXPECTED .RECORD ERY. DATAMAME MOT DETTIHED.

The data—pname in a BECCRD EEY ¢lause has
oat been definmed in the DATARA DIVISLOH.

RECOHD KBY., DATANAME BRS INVALID CLAGS,
o data—-neme referenced in & RECOHD  KFY

ar ALTEREWATE KBECCRRD REY phrase of &
ZELECT olagu=e in the TILE-CONTRIL

paragtaph is defined with
non~alphanumeric ¢laas  in the FILT
SECTION,

.EECCRD FEY. DATA TTEM CAENOT BE VARTATRLE LENGTH.

A data-name referenced in & RECORD EEY
or ALTERKATE FRRECORD KEY phrase of a
SELECT clauze in the FITLT-ONTREOL
patagraph iz deflped in the PILE SECTION
e an itew whaze gize ie wariable.

LBECORD KEY. ITEM NOT DEFLEED IHM RECORT OF FILE.

& darz—pame refecenced in a  BRECORD  EEY
or an ALTERNATE RECORD EEY phrase of a
SBELECT wlause is oot defined in  the
recard deascription of the aesaociated
fll=,
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714 FILE ACCESSED BY VERE REQUIRING IMDEXED QRES.

L file whose atdanization ie SEQUENTIAL
or RELATIVE 15 referenced by the READ
Verth that has tha KEY I3 Jdata=-name
phrase apeclflad. The referenced file
must have TNDEXED ¢rganization. Fakal,

773 LHKEY IS. PHRASE THVALID FOR SEQUEHTIAL .READ.

T7E  INVALID DATEKAME Ik .KEY

Eithat the File has ACCESS SEQUENTIAL or
Ehke READ s=tatement onontains the word
NEXT. In alither caee the FEY I5
data-nams phrase ia illegal, Patal.

I15. PHRASE.

The KEY I3 phraee of the READ statement
wgg hot Followed by a dalta-name,. Fatal.

777 (KEY I5. PHREASE NOT FOLLOWED BY RECORD KEY.

The dJdata-name [ollowing the KEY I
chrase of the READ stetement is not a
RECORDO EEY or ALTBRMATE RECORD REY  for
the rofarenced file, The RECORD EEY
data=name 13 assomed.

L0 WARIABLE OCCURREMCES TABLE WUEST EMD AECORD.

&  COBRJL tcable declared with the
DEPEKDING OW phragse can be followed in
the recerd only by deta description
entries whose level-numbera are greatar
than the level-pnumder of this  teble
anktty. Tne compilavr Iqnores the
remainder aF the record desecriptar fram
the polnt where the errcr ie detected.
Fatal.

1001 ,ABCENDING. OF .DESCENMDTNG, DATANLME EXFECTED.

1002 REMAMED DATALTEMS MOT IN

A paser-delined data-name was expected,
but mot  Found, in the ASCEWDING KEY IS
oOr DESCEWNING EEY IS phrase.

CUREENT RECORO.

The data items sSpecified after the
REMAMES keyword (that 13, the dakta items
helng renamed] are defined autside of
the cureent reoocd descoiption. The
gompiler ignoree the ontire RENAMES data
description ankry,
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1003 HARETMOM QCCOREERCES HOT GEEATEH THARAW MTNTMIIM.

In E verlable OCCcUETEenoe table
declaratlan, +the integer following the
weyword TG (that is, the maximom] must
be greater thar the ickegee [0l lowing
the keyword QCCURS tkhak i=, the
mlalmum] . The campiler aeaumes khe
maximom waluoe to be one greater than the
minimum value.

1004 .DEEEEDING. 1S OMITTED IN THE .GLDCURE. CLAUSE.

In o variabhle DCCUI EENCE takle
declacation, Ethe keyword DEPEKDINS has
bect omlsted, The compiler ignores the
remalader of the OCCURS reclawse and
treats rthe table declaration asg an
ordinary COEQL table.

10405 A DATRMAME MUST TOLLIM THE .DEPENLIHG. EEYWORD.

In # variable OOCUL I ence table
declaration, a walid data—oame ls naot
found fallowing the keyword

DEFEKDING. The compiler lyneees  Lhe
remaindar of the OQCDCUORS olauge and
tecats the treble declaration as an
ordinary COBOQL table.

ldne .OCCURE DEPEWDING. SUBQRDTHATE TO AN CCCLRS.

The compiler detects a table declaratlon
with a DEFEIRING 0% phrass subprdinate
tea group item khat has an OCIDRE
clauge. The compiler igodres  the
DEFENDIKG OM phrase amd treats the
declpTaticn az an ordinary COBOL table.

1007 mAaxXIADM no. Taspz OCCURREHCES MOST 3B POEITTVE.

Io & yariaghle CoCULEBRNCS takle
daoclaraktion, the integer followilng the
keyword PO (ckat is, the maximum} must
be greater than =zera. The gompiler

agsumes the maximom  value +to be  one
greester than the integer wvalue following
the keyword OCCORS [that ie, the
mirimum] .

1010 EXEECTED .DEPERDTMG CH. DATRANAME KOT DEFINED.
The data-name refeorenced in a8 DEFENDING

ON phrase was oot defined In the DATA
OIVISION. Fatal.
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1d11

101z

1013

lol4

1015

10lg

Lal7

1az0

(il 1.

EXFECTED ,ASTEMDIMG KFRY.

EXPECTED .DESCENDING EEY.

DATARMAME NOT DEFPINED.

The daka-name referenced in an ASTEWNDING
YEY phnraese wae nok defined in Lhe DATH
DIVISIOK. Fatal.

DATLNAME BOT DEFIMNEL,
The data-nare refereniced in a DEECENOING

EEY phrase was not defined in the DATA
OIVIEION. TFakal.

« DEFENOING GN. DATANAME HWOT B HUMERIC IKTEGEH.

The data=name refersnced in a DEPENDING
Ol phrase was not declared as a namecic
integer in the DATA DIVISILON. Fatal.

. RENAMES. APPLIED TO AN INWARLIO LEVEL OF DATA,

The EENAMES clauee apecifies the
tenaming of Gata items whose level
number i= 01, &6, 77, or 48, The
compller igoores the entire EENAMES dakta
deacripticon ankry,

 JEPEMDING OF. DATAMAME DETECTED WITHIN TAGRLE.

The cempiler detects a data=pame, that
fallow=a a DEPENOTHG ON phrase and cthat
defines the cureent numbar of
oEFCUrrencea in a wariahle accurrence
table, to have its storage a&allocated
within khe range of the takle. Fakal.

LOCCUERS. CLAUSE OM A TAELE KEY DATANAME.

Tne campiler detects the presence of  an
DUCCURSE rclause on & dakta item that hae
been declared as an ASCEMDING or
DESCEHDING ¥EY. Faral,

«SEARCH ALL. TABLE DOEZ HOT HAVE KEYS.

The table beipoy searched ov a SEARCH ALL
statemerr muet have the ASCENDING EEY ot
CESCENDTHG KERY phrase specified 1o Lts
declaration. Fatal.

THFERATIVE ZSTATEMENT EXPECTED DORING .SERRCH.

& period ocr a non-imperetive statemank
wax found where Lthe SEARCN statomant
envirencent is expecting an  imperative
2tatoement. Patal.
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1621 KEYS SPECIFIED FUOR ,SEARRCH ALL. HNCT DENSE.

When a key ls roferenced for the SEARCH
ALL statement, all preceding keys 1n the
KEY clauvee of the table declacablon muet
alsa b refarenced, Fakal.

1022 WHEW. EXPECTED BUT o0 FOUND IN .SEARCH.

The compiler expected Dbut Falled to
Iecagnize the  WHEN ke yword while
compiling the SEARCH statement. Fatal.

1023 THE KEYWORD .WHEW. LLLEGAL IK THIE CONTEXT.

The compiler detects the presence aof the
kuyword WAEN outeide the envicomment of
the 3ZEARCH stakement. Fatel.

104 THAE ¥KEYWORD .SEARCH. [LLEGAL IW THIS CONTEXT.

While compiling a SEARCH statement, the
compiler detecta the presence of anothec
SEARCH statement. The sgecond SEARCH
etatement 15 detected at a poine where
an imperative statement 18 expected.
Fatal.

1025 REY MUST BE SDBSCRIPTED BY FIRST INDER GTF TARLE,

The SEARCH ALL ztatement reguires that
tbhe key referenced on the left side of
the simple conditicn must be subscoripted
by the first index name of the table
being =s=earched. Fatal.

1026 THE EKEYWORD .5EMTENLCTE, EXPECTED AFTER KEAT..

The keyword SENTEMCE was nob dstected
aftar the HEXT keyword during the
compllation of & EELRCH statement.
Fatal.

1027 TABLE N&ME HOT FOUND AFTER .SEARCH. VERE.

The compller failed to recognize a valid
table data item after the koyword SRRECH
or BEARCH ATLL, Fatal.

1930 INVALID TABLE REPEEENCE IN ,SEARCH. STATEMENT.

The taple data item ceferencs following
the ZE&RCH or SBARCH ALL veths must have
boeh the INBDEXED BY ana the OQOCTRE
clauses Spaclfied in its
declaration. Fatal.
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1a31

1a3z2

1033

1034

101%

IRIEL

DATARHNANE EXFECTED AFTER

+VARRYING, TI¥ .SELRCH.

o deaka-name referepce was found after
che WEEY LHNGE keyward in the SEARCH
gtatamnent belog complled, Faral.

WARYIKG. ITEM MUST BE L[HDEX GR LNTEGER.

The data-name reference follawing the
VARYING keyword must be an index daka
item, an index-name, or an elementary.
numeric, Inkeqger dabka-name reference.
Fatal.

ZAEARCH ATLL. DATR TTEM IS MOT A KEY.

The date item rteferenced on the left
gide of the ZEARCH ALL simple condltlon
muskt be declared as an ASCENDING  ar
DESCEMDIKG KEY. Fatal.

D&aTA ITEM HOT A HEY FOR THOIS .SEMECH, TAGDLE.

The data item referenced ©n the left
glde  aFf the SEARCH ALL slmple condition
iz ot a key Far the table baing
searched. Fatal.

. BENAMES. EPECIFIES REWAMING OF L, COBJL TABLE.

The REKLMES clauee apecifies the
renexing of an item that haa an OCCORS
clauae in its declaratien or is
subordinate ko another item having an
QLIRS clavge, The campliler ignorea the
entire RENAMES data description entey.

. REMAMES ., APPLIED TO VARTARLE T.ENGTH OATAITEM.

The campller dekects an  epplicetion of
the RENAMES clause o a candge aof data
1tems that contalnz 8 data item whaose
length 1a wariasable st run=time kecanse
13 has a =suhatdinate dats item whose
datka deacripkion entry oCcontains an
QCCURS LEEERDING ] clausa. The
campller ignoree the entire RENAMES data
description entry.

1037 DATAHAME OMITTED AFTER 66 LEVEL NOMBER.

Tne data-pame declaratien 1s omitted
sTter A& AB Level numbar, The compiler
ignares Ehe enkire RENAME®D data
descripticn entry.
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1040 .BENAMES. OMITTED IN LEVEL &8 DESCRIFPTION EMTRY.

The BEWAMES Keyword ie omitted inm a
level &6 Jdata description entry. The
conpller igrores the entire level &6
data descriptlon cntey.

104l SEARCMT RFEY NOT SUBURDINATE TO TABLE.

The compiler detecta an ASCERDING or
DESCENDING data-came key kthat 1s not
defined as a Jdata ltem suvbordinate to
kLhe sgociated SEARCH table.

1042 IMVALID OF HISSEIWNG DRTANRME AFTER . KENAMES..

The data-name i3 misaing after the
REWAEES keyword or, if present, i& fot
recognized as a valid Jdata ltem thet was
previously deflnod. The compiler
ignaraes the entire REMAMES data
dezcription entey.

1042 OCCORS. ITRM WOT ALLOWED BEDWEEM TABLE AKD REY.

The compller detects a  data  ikem
Aealared with aT CoCORS clanae
"pandwiched™ between the declearation of
gnother COBOL  table and 1tz ps=zociated
SERECH kev.

1044 .EEMBMEE. SPECIFIES INVALID MOMENCLATORE BRANGE.

In processing the REWHAMES clau=se, the
compiler detects an invalid nonenclature
range specifled by ldenticel data-names
follawing the EBEENAMES and THRC keywords,
ccopockively, The compiler ignores the
cotlke REMAMRE deta description enkry.

1043 .BENAMEZ. SPETIFIES STORAGE OVERLALEF QN LEFT EXNDO.

In peecessing the REWAMEE clause, the
compiler detects the condition in which
Ebe beglnring of the atorage allocated
to the data=pame after the THREDG kaywWord
iz to the left of the peginfing of the
storage allecated ko the data-name after
the RERAMES  kevword. The compiler
ignoces the entire RENAMES da'ta
description entrcy.
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1046 THVALID OF MISSING DATAMAME AFTER . TTRT. .

1ad47

105q

1051

1ad52

DATAKLME MISSTIHWNG AFTER

LR .FROM.

In apecifying the BRENAMES <]lause, &
data-name L[5 missing after the THROD
keyword OF - if nresent, is not
tectonized as a valid data item that was
proviously defined. The compiler
lanores Elia entire EENAMES data
descriptian entey.

» CORBESFONDING.

In the processing of an &0D0O, SUBTRADCT,
or MOVE CORRESPGHNDING =tatemenk, the
compiler detects the omisaion of a walid
data-name reference afkcer the
CORRESPONDING keywiord., Fatal.

CMITTED IN CORRESPONDING. .

Tn the processing of an ADD, SuBTHRAEIT,
or  MOVE CORRESPUKDING akcatemeint,; the
compiler dektecta the omission of the TO
of FROM keyward. PFatal.

INVALIDN OR MISSING DRTAMMME AFTER .TQ. OFR .FROM.

In the proceesing of an ALDD, SDETRACT,
ar EOVE CORRESPIONOING satabemert, bhe
compiler detects the omiasicn of a valid
data-pame rofoeenes afbter the kevworod TO
ar FROM. Faktal.

E OBJECT CORE FRODUCED FOR (CORRESTOMDING.

In the procezaing ol an  ARD, SUBTRACT,
or MOVE CORRESPOMDLEGE statesent, the
compiler produced no chject code becausze
ar "correspondence™ was  found between
the two groop items referenced in Lhe
CoaaL statemantk contalning the
COREESPOMDIKG option. Thia diagnostiec is
informational onlwy.

1053 GROOP TTEM HOT REFERENCED IH .CORRESFONDING.

n the pracessing of ag ADD, SUBTRACT,
or  MOVE CORRERIPONDIMG  atatement, the
compller discoveerd that ane of the
teferences iz & refoerence ke an
elementary item. Fatal.

1054 LEVEL &6 REFERENCE OTSALTOWED THM _CORREEPONDING.

In the processing of an hODD, ESTBTRALT,
or  MOWE CORRESPONDING =tatement, the
cameiler detecks 2 referance ta a
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1055

1056

1037

1o0a0

1061

llel

10€13

dakta-nams declaraed a% leyel 6B46. Thi= 1=
an invalld refarance. Fatal,

.PILE BTATUS. ITEM DEFIMEL Tk .FILE EECTIGH.

& data~name referenced in a FILE STATUS
phrase of a SELECT <lawse 1s defined in
the FILE SECTION o f the COBOL
prageam. The comaller dgnorea thiz error
and contircuee to process the FILE S5TATUE
dara=pame.

INCOMPATIHELE GPERANDS EOUND 1IN CORRESPONDING.

In the proceazing of an &DD, SOETRACT,
ar MOVE CORBESPOMDING statement, the
compiler detects a gair of CORRESPOMTITHG
data ditems that atre incompatible. This
diagnoerie ia informatiaomal only.

EXMPTY GO TO. WAS HNOT THE STLEIECT (OF AN .ALTER..

A GO 0D statement without a procedure
reference was detecked, The emphy G0 TO
ia mnat the aubizect of &l ALTER
gtaktement, Fatal.

GUALIFIER OMITTED IN PROCEDURE REFERTENCE,

A pectian mname 1is omitted aftec the
keyword oF ar I in a gualified
procedure reforence of the CoBOL
staktement being complled, Fatal.

EHNCOMSISTENT NUMBER CGF ARGUMEMTS IV . CALL. .

DUPLICATE PARSGRAPH MAME

The subprogram referenced in  thls CALL
gLaktement has been referenced before.
The number of argumenta in the earller
CALL Adiffers fram the number in the
current CRLL.,

‘PARAGRAFH WITHCUT 2ECTION PRECEDES THIS SECTION.

In & COBOL prageram, if one paragraph i=
in a s&ection, then all paragrephs muet
be in seckions. In this Soucce proagram,
2 paragraph nraot Wwithin a aection has
heen detected preceding this =ection in
the source prooram.

DETECTEL.
In a section of the Procedarse Division,

a parajraph rame ie defined more than

Ccace and is oot unlguely refarenceable
even with gualification.
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1064

10656

106G

1La&7

1073

1071

Tata2

10713

=72

EEFERENCE TC UNDEFIMED PRICEDIRE MAME,

The campiler detects a reference o an
undefined rrorcedure name in the
PROCEDURE DIWVISTION.

OWNDEFINED PROCEDTRT QUALIEFIER REFERENCE.

The Lompiler detects & gualified
ptocedure  refercoce  that contains  an
undefined gualifler LIn the PROCEDURE
DIVISIOHN.

ILLEGAL PREOCENJRE HAME REFEREFCE.

The compiler detects an imvalid
procedure nama reference in the
FROCEIDURE DIVISIOH.

RMGIGTOTUS PROCEDDRE MAME REFERENCE.

The compiler deterte a reference in  che
DRECCEDUREE  DIVISION Eto a procedure name
that is nob uniguely roBerenceable, even
through gualification.

FARAGERPE NAME DISALLOWED AS QUALIFLER.

Tha compiler detectns a qualified
pracedure cefarence in which the
gqualifier ia & par&graph name.

SECTION NAKE REFPEREMCE MAY HNOLT BE QUALIFIED.

The camgllice detects & gualified
procedure  rveflerence 1o whlch a seckion
name iz cqualified by ancther sectian
nama.

LMBIGUORDS EARLGRAPH HAME REFEREHWCE.

The rcompiler detecks a referance in  the
FROCEDURE DIWISION to a paragraph name
thkat is not wvniguely relaranceable, oven
Ehrwogh gqualification.

EOSSIQLE (PERFORM, RANGE VIGLBTION.

The compiler detects a PUSHEEORM  THRO
statement in which the procedure name
fellowing THRO is definmed bLhefore bEha
pracadure name following the PERFIERM.
Thiz carditlan could a loglc prablem in
the COBOL program belng compiled,
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La74

1074

107

1a77?

1105

liav

1110

WUMERI{ PEOCEDURE MAME EXCEEDS 30 CHRARRCTEERS.

A numarlec etring that appears +a be a
numer ic procedurce hama exceeds 30
characters in  length. The string ig
truncated oo the right kg 1) characters
and processiog of the numeric procedure
name contioues,

HUMERIC FEOCEDURE HAME CCHTRINS DECIMAL POINT.

L pumetic string that appears to be a
numeriec pracedura: name contains &
dacimal peint. The compiler igmores the
PIESEOCE of the decimal point &nd
proceads  wlth the processing of the
numeric protedube nLEma.

LEELATIVE EEY. ITEM DEFIMED IK RECOEDR OF FILE.

A data-name referenced in & RELATIVE KEY
phrase of a SELECT clauze iz defined In
the record deseription of the associated
file. Thoe compiler ignores thls error
and conmtinues to process the RELATIVE
FEY data-mame.

HNO. OF LREAS DEFALTE TO MAX. FCR FILE TYPE.

The numbcr of buffer areas rceactved by
the FRESERVE clause 15 gecatcr than the
max L allowed for the file
organizatleon. The compiler allocates
ewn areas for a seguential file and one
for a relative file.

ONRECOGNTEZED LITEREL TYFE...SYSTEM ERECE

The ¢ompiler haes failed to properly
identify a literal. Ey2tem error.
Fatal.

«I0. QR GIVING. MIESING TN ADD

The kayword TO or GIVING was nobk  found
after the sgecond apetand in an  &DD
gtatement. Fatal.

MORE THAN l3. DIGLTS IH COWPOSITE. TRUNCATING.

The length of an arithmetlc composite i3
greater than 18 digits. The composite
iz truncated on the left ko 13 digits.
Warning.
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1111 OKLY ONE DEST ALLOWED RAFTER .CORRESPONOING, USE FIRST.

Mere than one deskcinatian data-nane
f¢llows the keyword CORRESPONDING, The
compiler laneees all but the firet.
Warning.

1112 DHSIGNED COMF 3 ITEMS ILLEGAL

The PICTUORE far a COMP-3 ftem does nokt
contain an 2 characker, Fakal.

1114 ARGUMENI CANNDT BE PLSSET ,BY DESCRIPTOR.

The gompiler detecked an identifier with
COMPOTATIONAL uSage, SEPARATE S5IGH, ot
JUSTIFIED RIGHT that iz being passed by
DERCRIFTOR in the USIHG phrase of a CALL
Etatement. Such dtems can ke oassod
only by REFEREWCE ar VALUE. Fatal.

1115 .BY VALDE. ARG. MUST BE .COMP. LONGWORD INTEGER.

an arqument passed by VALUE in & CALL
statement must ke a data icem that 1s
declared with COMPUTATIONAL uasge with
nt W cheracter 1n its FICTURE string.
The item must have from Five to nine
decimal pasitiens; thak is, 1ts PICTUKE
mugkt be ko the range G5} ko (9},
Fatal,

1116 ARGUMENT OMITTELDR AFTER .BY. CLADNSE I .CAOL.

The conpller detected po idenklfier
following the keywogeds BY REFPEREMCE, EBY
YARLUOE, or BY DESCEIFTOR in & ChALT,
statement. Fatal.

1117 .GIVING. ITEM MDAT BE ,COMP, LONCWORD IMTEGER.

The 1dentificr following the kevword
GIVING in a ChLL statement mas:t be
declared with COMPUTATIOHAL usage with
nd ¥ character in ite PICTIRE =tring.
The 1l=em must have from five to nine
decimal pasitions: that i=, its PI1CTUEE
mustk bhe In the ramge %[5} B GG,
Fatal.

1121 .SEARCH. WVERE KOT PROCESSED
BECausa af an earlier diagnostic
{watning oar Eatal), the compiler canpot

rpraocess the SEARCH statement completely.
Faktal.

=74 DIRGHKOSTIC ERROE MESSAGES



APPEVWHOIX E

RUN-TIME ERROE MESSAGES

Thie appendix degccelbes error messages that are pracuced by the
COBOL=T74 run-time system (RTA). Rub-time messages look like this:

RCT4d=F=00DE, TEAT [string=1]1 [(stclng-2)] [strimg-3]

whete:

#C74 is the facility c¢ode for WAX-11 COBOL-T4

F is the severlty level {fatal). All ET3E ecrors
are Eatal.

Copk ig ehe mnenomic compesed of the firat  threee
characters of the first three words of the RTS
pf e MESSfge.

TEXT ig the body of the error mesgage

string-1 is the charactet string specified in WALUE OF ID
CLlauges

[etring-2) 1g the literal ugad In SELECT.. .BSSIGH entyy

grring=3 i the ®M3 error message., this meseages  is

printed on the line after the croor message
itgelf.



Asszociated with each error i=s an eight digit bhexadecimal stakus caode
[enclased in warenthesls]., The Status <ode 1s not printad wlth the
run—time mesaage, however.  You <can use this code to check the
completien status of DCL commande within an ipdirect command pracedure
o hatch flle. For example, consider the following preogram:

ainl IDENTIFICATION DIVISION.
goanz PEOGRAM=11).

GOGO03 SUBEER.

coon4g ENVIBONMENT DIWIS10H.
GOQOs SOURCE-COMPUTER. WBE-11.
QEOnE OBJECT—COMPUTER. Wwox-11,
GOGRT SPECILAL-MAMES.

Goo0g CORNSOLE TE CONSOIL.

cooos LATR DIVISION.
QoOoLd WORKING-5TORRSE SECTION.

ougLl 11l T=-WNUMSER PIC 9,

CoOLz 01 TABLE-YALIES.

anoli 03 FILLEER PIC X (53} WALOE "CKE ™.
QoL 01 FILLER PIC X{3} VALDE "Tw3 ",
GoGlLS 03 FILLER PIZ Ki{5%] VREUE "THREE"™.
QoGLe 931 TILLER PIT X4{%] VALDE "FOOR ",
ooaLy 03 TILLER PIC X{5)] WALUE “FIVE ".
Godla Nl T-VvaLUES REDEFIMES TABLE-VALUES.

GOOLS 03 TAR—VAL QCCTURS 5 TIMES INMDEXED BY T-INDEX.
QG20 0% FILLE® FIT XXKXK.

onoZl PREOCEDUEE DIVISIOK.

Q00 MAIN SECTICH.
aon23 FhREM,

Qo4 DISPLAY TEMTER WOMBEER : " DEOM CONSOL
Qo025 MO ADVRANCING,

QOUES LECEPT T-HUOMBER FROM COKRSOL.

QooaT IE T-HOMEBER = O

gundg GO TC FINIGH.

QOodS SET T-IKDEK TO T=MOMEBER.

00oz20 D1SPLAY TAB-WAL{T-INDEX] UOPGN CONSOL.
LUEz1 GO TO PARAL

QDo3z FINISIL.

JIVER DISPLAY "#+%% END OF EESEICN ***¥ OPON CONSOL.
GO0 3d STOP RUNW,

The program will promgpt wvou for input - numbers from 1 to 3 {0 will
ceuge the program to terminate), If you enter any other number, the
program will abork, and the RIS will print "Spbscript aor index out af
range®. If wyou run SUBERR from your terminal, wou could restark the
program and cantinwe. If you rfun SUBERR as part of a command
procedure ar bkateh  job  you could nob restact the program From your
terminal. ¥You can, howewer, include commands in the £ile to test  Ehe
completbion status of the program and take action:

E=Z2 RUN-TIME ERREOR MESBAGCEE



BESIGH 'Pl CORSDOHSOLE

SET NDOM

LGATH:

RUW SUEEERH

IF H5TATDE .ER. %X10L0EQAC THEN GOTI WRITER
EXIT

WEITER:

% L% O L7 O3 03 1% 40 40

GOTC BGRIN

HOTE

The patamckter 'F1  in  cammand
lipe "ABSIGH..." allowe you Eo
speclfy a dewvice at run—time.

If you loslude the preceding commands im a file named
link S[BERR with tne MOTREMACEBACE qualifier, and
procedure, the following will agpear at your terminals

JCHECKER OPRAl:
EHMTEE HIMEER :

Yau caould . now input a number Erom the Syskem oonsole:
EHTER HUMKBER : 3

THREE
ENTER HNTIMBER -

WHITE SYSS0UTPUT "Index must be less than 6 - type 0 to quit”

CHECEER.COM,

exerute

If you enter a oumber other than 4  through 5, the fpllowing

appear on the termipal:

EWTER MUMBEE ¢ 3

TARETR

ENTER MUIMBER : §

}CT4-F-SUBCUTRAN, subscerlpt oub of range
Index must be less than & - type 0 to gquit
ENTER MUMEEER :

the

will

foe the VRESVHE Command Language User's Guilde for & L[ull discuasion of

command procedures and hatch joks.

The reraindar of this appendix describes the cun-time =rect mesaaged.

BADFILERM, bad file pame steling-1 (=Leing-2)
[0J1CECE4)

The File epecification andfor assoclated
aWltecheas for a file description are
avyntactically ilncorrcect.

RUN=-TIME ERRCE MBSOAGES E-3



CLOERRFIL, CLOSE error on [ile string-1 (etring-2) stcing-3
(001lOAQ94E)

The execoklon of a CLOSE gtetamapk
felled, The accompanying EMS error code
furkther specifiea the crror.

COMGERABOD, compiler generated abort
(O01DEQ34)

The run-time sy=toem tried to execote 2
part of the program that contains fatal
eLEOrs, Eee yaur 9o0urLe progcam
listing.

DELERRFIL, DELETE error on [1le string-1 ([atring-2) stelng-3
(001oa0cc)

The executlon of & DELETE gtatament
failed. The accompanying BMS errar code
further =specliles the errar.

ERRACT, crror in ACCEPT logical-name string-3
(0Gloelng

&n errar occucired while teving to ACCEERT
a recatd from the file assaclated with
logical-name, The RME SEror Code
further gpecifies th¢ crecre.

"SHOW TRANSLATION lagical-name® can be
use to dekerm] e the value of
lagical-name.

ERERCLOUONL, error in CLOSE UMIT or REEL an File
(001DB0HEA) etring-l {akring—-2} string=3

The program executed a CLOSE UHIT or
CLOETE  REEL statement bthat failed. The
aocompanying  EM3  errer code Turther
gpaclfies the errar,

ERRDIZ, error in DISPLAY logical-mame string-3
(0OLDBE10DY)

&n errcr oocurred while trying to
DISPLAY a recotd Fe the file
&5saciated with logical-name. The BEI
error code further specifies the errvor.

EXPTOOLAR, exponent tao large
(O01pa0s4)

The exponent oaed in a TOMPUTE stakement

ls out of range. The legal range i=
-J3ATGE to 32767,

E=-4 ERUN-TIME ERROR MESZSAGES



FILALROPH,
{001n&052%

FILFRELOC,
(OQLDBQTE)

FLINNOTOPN,
(001DA0G4

INVWDECDAT,

(O0LDBE114)

ITHYLINVAL,
(001DECAL]

IHVOPEFIL,
ta0loaoac)

file string-1 already apen

The program tried to apen a file that is
currently open.

file =tring—-1 (string-2) previpuely locked

The pragram tried to access a [lile for
which it nad previausly executed a
CLOSE, . .WITH LOGCE statoemenk,

flle steing-1 not open

The program tried to CLGEE or otherwiee
accesa a file that iz ook currently
apen.

inwvalid data in decimal datsa-item <zddress=of-ercor’

Mumerle DIARPLAY  ikem contains inwalld
deta value, surh as non-mumetr ic
character ot 1nvalid separate signs.
NOISPLAY items must be ipitlallzed before
UEE.

The 1MSPECT statement cap be used to
clean-up lnvalld data in existing filles,

invalid LIWAGE walue oo flle skring-1 {string-2)

The LINAGE clause specifics & pade  body
Eize kthat tesults in an inwvalid waloe;
the value is not greater then  zero, orC
it 15 aut of range.

favalid operstion on file string-1 (steing-2)

The program tried ro execuke one of  the

fallowing IS0 statements for & file that

iz apen In an incompatible mode:

la) a BRAD Cor a file open for QUTPUT

bl a WRBITRE for a file open far INHPTT

[¢] an L/0 operation ndt cansistent
wlth the file organizaticna [for

example, START <n @& seguential
file}.

RUN-TIKE EREOE MES3AGEE E-5



NOECERRD, no EOF praocessing on file strimg=l J{aering-2)
(QGLDBOAC)

An end-pf-file canditlap has baen
detecked, but the I/0 etatement doeg not
have an AT EWD clause, and the program
hae ng USE peocedure  for end=of=-file
pLoceSEing.

HOTPONOPR, file string-1 (strlng-2) not open for operatlan
(00103 0%C]

The program tried &0 oxecute am IS0
gtatemant far a file thak is not apen.

WULG0TO, O T3 axacuted has oot been ALTERed
(001DRO2C)

The ptogram toached an alterable GO To
eEatement nefore assigning it a
prodedlte fama.

FOMARGCAL, number of arguments in CALL incorrect
(OIlnEd44)

The number of arguments received by a
CORQL subprogram dees not agree with the
expected oumber of arguments: thar is,
ihe npuamber of TALL Statement arjumente
in the calling program i5 net  the game
as the number of arguments in the
FROCEOUTRE DIVISTON OSING phrase of the
callad program.

DCCORRVAL, OCCORS DEPENDIRG vwalue ouk of range
(001pBD14]

The waloe of the Jdeta item that defines
the agize af the table is not in the
table =ize range spocifiad in the OCCURS
clense.

OPKCOEIN, error openling logical-name string=3
(DG LREGFD)

An error occurred whlle trying to  open
for BECEPT  the file asgocisked wlth
loglecal-nace. The M3 Error cade
further spocifies the error.

CPHCOBOOUT, arfor apening logical-neme st ing-3
(O01D30Fd}

An error occurted while trying to apen
as DISPLAY the file aseociated wikh
lagical-name. The EM3 error code
further specifiles the ercec.
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OPHNEREELL,
(0D10BUAC)

PERCOTITCA ,
(001DAG4C)

REAERHFLIL,
(00lDECE4)

EEANOTERE (
[QITnEdTa)

RECCALDET,
(DOLDRO3T)

RECFERDET,
(OUlnal2d)

RETEXLTOLOT
TO01n&E01C)

OPEM etrar on file string-1 {etring-2] string-3

The executlon opf an OFER Skatemant
fatled, The accompanving BMA error code
Further gpecifies kthe arror.

PERFORM counter too large

REATY =rror an file

read not preocecded

The saluc of the iteration counter used
in a PERFOAM statement exceeded 32767,

gtring=1 [steing-2) string-3

Thre executiecn of a READ s#tatament
falled, The accompanylng BMS arrar code
Further specifies the ecror.

by rewrite ar delete on £ile
string-1 (string=-2)

The prtogram atkempbed to  execuko 2
REWRITE ar OELETE statoment for a
pequentially ecceseed file, buk the last
I/0 oparatiem on the file wags not a
RE&D.

recur Slve CALL detected

L COB0L  subprogram  attempted Eo call
itaelf, either directly or inditectly.
The EBXIT PRODERAM stotemebt mast bee
executed 1n & subprograwm hefore the
subprogrem can be called again.

recureive PERFPORM detected

PERFORM exited out

The program atbempbed to  exccube &
FERFORM statemoent whose exit 15 slso the
exit of a previoosly executod FPERFOEM
that ie =kill actlvye.

of ardoer

Tha pragram ceacned the end of an active
FERPDORM while processing & morle recently
evpcabed PERFORM:; tharc is, khe program
gerecuked 4 PERFOEM statemank whoee range
prerlaps  the and o f the PERFEM
statoment that i= curcently being
aracuted.

RUN-TIME ERROGBR MESSAGES E-7



REWERRFIL,
(O0LIDAODC4}

SAMAREOSE,
{(O01DEOBEC)

STHERFFIL,
(0018004}

EUBOUTRAN,
(0O1DEOC)

UHMLERRFTL.,
[301n800C

WRIERRFIQ,
[UO1DEQELD)

REWRITE e¢rgor on file string=1 {string-Z) string-13

The executicon af a EREEWRITE =stateTant
Falled. The accompanying REMS errar code
further specifies the errar.,

SAME AREA alteady in use when apening file
atrimg-1 {string~2}

The pregram tried o OPEN a file that
uges the asame buffer area as another
coen file,

STRRT errar on flle string-1 (=tring-2) strino-3

The edecukion aof a BTART  sktakement
failed. The accompanying EM3 errct cade
further specifies the ercor.

subacript or index out of range

The subacript walue for a data ftem, ot
the walue of an index-name, is not
greater than zero, ar lt iz greater than
the meximum number of occcurrences of Ehe
table data item,

UNLOCKE error on £lle akring-l1 {strimg=2) ekr ing-3

An anapccesiful attempt hae been made to
unlocik & record in  the file. The
accompanylng EMS errar  code Furthor
specifies the error.

WRITE ercror om file string-1 {(string=2} skring-3
The execiklon of a HWEITE gkakement

failed., The acscompanying BME errcr code
Further apecifies bhe oreoc.
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LPPEMDIE F

TATERWAL COMPILER EREORE == SY¥STEM ERROES

This appandls lists errors that cthe vAx-11 COBOL-T74 compiler displays
if it abarts.

System

c7d -

where:

ERROR
oGoon

OG0e0d

arrars hayve the following form:

SYSTEM ERRORXXHENE

KAxMxX i5 a six digit ecror coda,

MESEMNGE

N3 MCRE AVAILABLE TISKE SPACE

The Work File system has exhausted gll
available Jdlsk space.

d.

The compilet naes the longest
cantiguous diek area available ub Eo
104 Hd=-word bklacka. I[£ less than
1000 blocks remain, clear the dilsk
and skart again.

If L1000 blocks are available, submit
a smaller job.

UHRECOGHIZARLE SOOBRCE FILE

The

compiler c¢ould nat precess the

gadece file because:

=N

FANS] FORMAT qualificr was not used,
and SOULCE pPLodr am iz not in
terminal reference format.

IDEHTIFICATION mi=sing



The following ecrars repeesent intecnal table overflaw Lo the
compiler:

aogn1y TOD MANY PROCERURE KAMES
noooan TOG MATY rROCEDCRE WLMES
gaines Ta MANY LITERALS

aaaony COMMAND SLOCE TOC LARGE

a4, 5N Procedure Divizion statemenlk ia
too lacge For the <ompllet ko
hardle.

b. Redace the number wof identifiers
wsed in the stakement,

Qo0lls DRTA NAME TABLE QVRRFLOW
The followling cerars occur LE the operating  svystem or the COBOL-T74

compiler malfunctians, ¥You should submit & Sofitware Performance
Repoct (SP®R) for ary aof those ecrars.

NOTE

Yoy showld include the sSource
oradqram Ln machlne readanle farm
for any SPR you submit.

0aodol THTERNARL WORF FILE ERRUR

ooncoz2 INTERHAL WORE FILE ERROR

naoand INTERNAL WORE FILE ERRCRH

noooog BAD O5MGE COLE

Naocs ELT ALREADY LEALLOCATED

ooooll INACFEICIEMT CORE

faodlz LESUFPICIENT CTURE

Le0eL3 INTERNAL ALLOCATION ERRORA

poncLa LETERNAL WOREK FILE EREROE

Qonals ATIEMPT TO FROCESS MORE ELSE'S THAN TIF'S
QO0aULE INVALID FI1LE CLASS

aoogzl ERROF. IN FROCESSING PROCEDUORE TAG TABLE
aodan2y ERREDE IN PROCESSIHG PROCEDURE TAG TABLE
Qandiz WOHRE FILE SEARCH ERROE

aonnie IHDEX NAME UMDEEINED BY COMEPLILER

Goonay IHATEEKRAL ERROR

caDdhss WUOLRE FILE SERRCHE ERROR

Qong&3 DaTa DIVISION SEQUENCE EREGE

Qonavye EKROR IN BOBSCRIPT PROCESSTING

Qonadvya DATA ITEM STARTING (O GDD LODRESS
QuuaTs EEROR I¥ DISPLAY DATL LTEM

QonGTa EXCEEDET STACK CAPADTTY

F=2 INTERMAL COMPILER ERROES == SYSTEM ERRORS



aoolad
0010l
adaloz
ocalod4d
aaclos
Juclae
aoelll
guGLl2
UdG11e
Q0120
ouul2l
Waol &2
OROL23
QO00L 24
noal1as
o0Dizn
oool1z27
000130
gonl1il
{00132
(00133
000134
noN13s
pooida
oonl14d
poul4l
poa1so
0anl1hal
nonznl
nonEnl
Qo0
ganina
oGoazo
oag22l
ad0 234
a0a23]
aogzaaz
o233
ogonzz4
oonsay
aagaga
anoznan
gazngl
gosno2
gazogs
oaLon4d
ao=00k
Ao=00&
aosaary
gosnzn
guzall
gdsniz
ags0il
o504
aa301hk

COMIFILER LOODP: TOD MRNY ETRORLINATE ITEMS
RECORD PROCESSING LOGIL EREGR

EEROR IN L[TEM PEOCESSING LOGIC

INvaLIo USLGE CORE

ILLEGAL LEWVEL NUMBER

LEVEL @1 READ BUT LOTE WOT VALLIDATE

BEREROR LW ELITEDR TTEH

TLT,EGAL TYPE DATo [THM

RESERYED WORD TABRLE ERRAOR

DELIMITED SENDING ITEK NOT FOUND FOR STRING CHMD
BEREQR TW DELIMITED SEHCIHS ITEM FOR STRING CHMD
SENDING LTEM HCT 2OOHD FOR STRING CMD

ERROR TN TALLYING DATR ITEM FOR UNSTRING
EFROA IN ORLIMITED RECEIVING ITEM FOR UNSTRING
ERROR IN RECETVING TTEM FOR UNITRING

ERROR IW DNELIMINTED SEWOILNG ITEM PCE DHSTRING
DELTMTTED SENDING L[TEM POR ONSTRING
DELIMITED SENDENG ITEM FOE ONSTEING

INSPECT TALLYING ERROR

INSPECT TRLLYING BEFORESAFTER ERRDR

INSPECT REPLACING ERRUR

INSGPECT BEPLACIMG EREOR

INSPECT REFLACIMNG BREFORESRFTER INITTAL ERROR
EXTENOED HMAME TALELE ERROR

5RME AREA RECORED TLAUSE ERRDR

SrME AREA RECORD CLEUSE EREOR

THTERMAL STLCH ERROR

CORRESIMINDENG ERROR

STACKE ERROE MESSAGE

PROCESSING ERROR OCCURS DEPENDOING OHM CLATSE
FET EEY ERRUR

THOEYX DATA 1TEM WOT FOUHD

EERGR IM DESTIKALIOM FOR SELECH

WURE FILE READ ERROR

IvaLID IEE ELAG READ

WORE FILE READ SEQ. EREOR

ERRECE IM BLLTEH PROIRGITHG

IAVLLTD LINEAGE SECTION ITEM

WORY. FILE SEARCH ERROR

INTERNAL SRBIR

INTERHAL ERBIR

JLLEGAL QPERATOR FPOH BOGLEAN GFPRRATION
ILLEGAL TSAGE FQR OPEPRNDS LN RELATIONAL CODE
ILLEGAT. TEAGE FOR OPERANDS LM RELATIONAL CODE
ILLEGAT, KUMRRIL (COMPRRISON

ILLESAL LITERAL IH ARITHMETIC UPERARTTOM
ILLEGAL USAGE FCGE DIVIDE CPERAND

OLWIOE EREOH

ILLEGAL TUSAGE FOR MTLTIRLY CFERMND

MIULTTPLY ERROR

TLTLEGAL TUSAGE FOR ARITHMETIC OFERAND
ADDSSUEBTEACT ERREOR

ILLEGRL ARITHMETIC CPERATOR

ILLESAL ZOMPARE POR SELRECH ALL

INDEX FEOELEK IN TABLE

INTERHNAL COMPILER ERRORE == SYATEM ERRORS






APPENLNE

PROGRAMMING EXAMELES

This appendix contains examples of vAX-11 CJOBOL-74  programs. The
progrema  de not  rcepresent  real applicatlons; they are intended Lo
suggest uwseful technigues and thelr implementation with COBOL-74.

4.1 CALLING A FORTRAN SUBRCUTIHE

COBOL-74 modulee cen be linked with other VAX-11 native-mode modules,
even if they were written in othee languages. This capabllity ia
often onseful, eapecielly when 3 feature £3 nobt available in COBOL=74,
but 13 avgllable in ancther languege. One example is the Aguare root
funotion, which i= not available In COBOL=-T4 (non-inkeger exponents
are not allowed) .

G.1.1 The COBOL Progrem, GETEROOT

This program accepta a walue from the terminsl, calls the TORTRAN
subreutine, SQFOXT, and pasees the valus a2 a character string (BY
GESCRIPTOR, because that ie how FORTRAN expects it). It then displays
the result,

COROL=-74 does not support the Eloating point daka  Evpes therefore,
the FORTREN =uhroutinme returns the resuolt a3 & character string. Noke
that because the regult ie a character stripg with a decimal polhk,
the program uses & MOVE CORRESPONDING to place 1t in a numeric data
item. The second DISPLAY shows the result of editing the returned
value.

An INSPECT =tatement replaces all space characters in the resulc by
zeraz} epace characters woold cause a reserved oporand fault when the
MOVE atatement was exacuted.



INENTIFICATION DIVISION.
FREOGRAM-1D.
GEEROOT.
INSTALLATION. DIGLTAL EZUIPMENT CCRPORATIOM.

ERFE F R L FI ST FE SRR LI LS FE LRI RIS LR LR LN R

*
* Thia program demonstrates the gze aof the
* CRLL etatement in calling FORTRAN-IV-PBLOS
* pragram=. It callzs a FORTRAW subpraggam

* which retukns the aguare rookt of the

* praument.

E 4

E ]

3 b N3 i

I L FI S LI EFEFLEESLFE ST FE SRS I LN RN L

ENVIRONMENT DIVISION.
CONEIGURATION SECTION,
SCORCE=-COMPUTER. vRE-11,
UBJECT-CUMPUTER. voax=-11.

DATRE DIVISION.
WORKING=STORAGE SECTION.
91l INPOT-NUMBER.

03 INTEGER PTC 9(5)

0% LEC-PCINT FIC x(l).

Q3 TDECIMM ETIC 39(H)
gl WORE-NOMBER.

03 INTEGER PIC 945).

03 DECIMAL BIZ 9iH]).

01 HQRE:HUHEER-E REOEFIMEE WORK-MUMBER PILC G[3)VI(R).

01 DISPLAY-NUMBER PLC &5, 55%.89990,

PEOCEDURE DIVISION,
STARTER SECTION.
SHEGIN,
MOWE SPACES TO [MEUOT=HNUMBEE.
DISELEY "Enter number {with decimal poipnti: 7
WG apDvaNCIHG.
LECEPT INPUT-HUMEEER.
IF IMPUOT-HUHBEER = EPRCES
G0 TO EWNTRIOB.
CALL "SQROOT" [(EING BY DESCRIPTUOR INPODT-MIIMBER.
IF INPUOT=-HUMBEER = ARLL "*"
DISPLAY "=+ INVALID ABGUMENT FOR SQUARE ROOT®
ELSE
DISFLAY "The sguare raot iar " INPUT-HUMEER
INSPECT IHEPUT=-HLCMEBER
BEFLACING &ALL " " BY ™07
HOVE COREESPONMDING ITNPOT-HNIMEAERE TS WORE-HOMBEER
MOVE WORE-¥MIMEER-A TO DISPLAY-HUMBER
DISPLLY DISPLAY-MUMBER.
G0 TO SBEGIM.
EMDJOHE.
STOF EDH.
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£2.1.2 The FORTRAW Program, SQROOT

This subroutine accepts a lé-character etring, decodes it into a

vatlgble [DECODE 1= e&nalogous ke an inkernal READ} .

A08T fuostion im the statement that
ld-charactetr argument.

SUBEOUTINE SQROOT (ARG)
CHARACTER"l4 ARG

DECOOE (14,10, ARG, ERE=20] VAL

10 FORMAT (F12.6)
IF [VAL.LE.D.1G0 TO 20
ENCODE (14, 10 ,ARS) 30RT [VAL)
394  RETURN

20 DRO="**txkk kXA FAFHE"
GO T 999
EHD .

G.1.3 Sample Bun of GETROOT

7 RIM GETROQT <CR>

encades the resulk into

Enker number [wikh deeimal point): 25. <CR>»

The Bguare raot is: 5. 000000
L.0o0ad

Enter opumbecr (with decimal pojone}: HELLO <LR>
** THNVALID ARGUMEKT FPOR SQDARE ROOT
Enter pumber {with declmal point}: 1000000. <CRX

The sSguare roct is: 1000, 000000
1,.000.0000

Enkter number (with decimal polnt):

The syuare toot is: 1,414234
1.4142

Enter numbet (wlth decimal polnkl:

3

2. <CRa

CORS

PROGRAMMING EXRMPLES
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G.2 CALLING VAX-11 RUM=TIME PROCEDURES

The VAX-11 Commeon Run-time Procedute Library containe sete of general
pPuroage  and language-gpecific ptecedures. The praceduree acre welttan
using the VAX-11 procedure calling ekandard: therefore, they are
callable by COBOL-74.

The provedures are described in the VAX-11 Common Eun-Time EPErocedore
Library Befe&tence Manual,

G.2.1 The COBOL Progeam, RONTIME

Thig program calls two procedures in the Run-Time Library: — TIBRSMOVTC
and FOREDATE.

LIRGMOVTS uses a translation table to translate each character 1in A&
character $String from one code form ko another (ERCDIC te ASCII, for
gexample) . Thls program uses LIBSMOVWES ko kranslate all lower—-case
characters ko upper case and all pon-graphic characters to spaces.
Note that LIBSMOVTC expects #ll parametere to be pagzed by dascriptor.

FORSDATE returns the syetem dake as a F3—character atring. Hote that
i1t expects the skring te be passed by referepce.

IDENTIFICATION OIVISION,
PRIGHAM=IN. RUNTIME.

EEE L E N AR N LS ER AR L AR SR AR AN YL LY YT Y

E *
* 7Thie program demonstratee the method for *
* epalling vaK=-1l Run-time Procedures. *
LS L

AR ES SRS LSS s NI NI LT LY N Y R L]

DATE-COMPILED.

ENVIRCHMMENT DIVISION.

CONMFIGDRATION SROTION.

SONRCE-COMPIITER. Vhx-11.

OBJECT=COMPUTER. Vhix-I1.

DATE DIVIZION.

WOREING-5TOIRAGE SECTIAN.

0l  IMPUT-ARER PIC X{30).

{01 OQUTEOT-AREA BIC X(50).

0l FILL-CHRE PIC & vALDE SPAOE,

31l TEANSLATION-TABLE.
0 FILLER PIC X(¢321 YWALUE SPACES.
0 FILLER PIC K24} VRLUE " "™ §83&'{)%*+,~, /01234557,
02 FILLER PIC X(24] VREDE "49: ;<=2 ?AARCDEFGHIJELMNQ" .
N3 FILLER PIC X{24} WARLUE “PORETUVWEYZ[%]  _~RBCDEFG".
13 FILLER PTC X(24) WALUE "HIJELMNOPJRSTUVAKYZ{|i™ ™.

01 DATE-AREA PEC %{9).
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PROCEDURE BIVISION.
BETARTIT SECTICH.
SBEGTIH.

DISPLAY "Enter skring:".
MOWE SFPARCES TO INPTUT-AREA.
LCCEPT IHEOT-ARTEA.

CALL "LIBSMOVIC™ USING BY DESCRIPTOR
INPUT-RREA
FILL-CHAR
TRANSLATION-TABLE
OUTEUT-LREA .
DISPLAY OUTPUT-AREA.

CALL “FORSDATE" USING DATE-AREA.
DISFLAY DATE-ARER.

BTOF ROM.

g,2.2 Gample Eun of RUNTIME

5 RUON RUNTINE
Enter skring:

HBow 9o I love thee? Let me cgunt..- B, 3, A
oW o0 I LOVE THEE? LET ME COUNT... B, 8, A
18=DEC=TE

]

5.3 TDSING TERMINAL EBCARE SEQUENCES
It 1% often nseful to designm terminal screen forms Ffar daka inpue

applicatiaons. You can implement forms op mast teriminals by using
pECApe SequUences.

PREOGRAMNING EXAMPLES G-=5



G.3.1 The CCBOL Progrpm, ESCAPE

This pregram accepte data from a DIGITAL WT52 keemiral: it bullds &
faorm a&nd guldes the operstor by uwsing escape-characker EEgUEnNCEE.
Othet terminala have Similar capabilities,

The program defipes the EAC cheractor (decimal 27, hex 1BY as a
one=ward COMPUTATIONAL item, and redefines it as a one-byte data item.
The =zame technlque is used for kthe one-character row and column values
required for direct curaar addressing. iChapter 4 descvribes the
intarnal fermat of COMP data items.)

The program containe a table that deecribea the format of the terminal
screen. Firet, the program clears the screen. It then cycles through
the table to digplay the prompez, During a second pass through the
table, the progtam “paints™ the Input area for eesch fleld with
wnderscore characters, and accepts data from the operator.

Hote the use af the COCURE ... DEPENDING 0N clause io the descriptian
af INPUOT-AREL, alleowling the wariable-length display.

IOEMNTIFICATION DIVISION.
FROGRAM-TD.
ESCAPE,

bkt kbt s NN P AR Ak ke AR A PN Ak hr e wrE v w il

E *
* Thiz progqram demonstrates the use of cermingl *
* efvape geguences, Including curect conteol, t
* through CCBOL. ]
* *
* *

LEA R LR E E L E L E L L L Ll g Uy T o P A I G Ry

OATE=CNMPILED.
ENVIROMMENT DIVISION.
COMFIGURATICON SECTICH.
SONRCE-COMPUOTER. veK=11,
GEJELCT-COMPUOTER. vh¥-11.
ODATHh DIVISION.
HORKING=STORMLGE SECTION.
ol INEUT=-AREA .,
03 IACHAR PIC X41) QCCUBS 1 TO 30 TIMES

DEPENDING O IASOR,

0l TAECE PIC (2] COMP.

nl FIELO-TABLE,
0] FILLER PIC X(24] VALDE "(S0HI0NAME:=.
03 PILLER P10 X(24) VALUE "dl12024ADORESS:".
93 FILLER PIC X(24) VALCFE "1B010&C0ODE NUMEER:™.
03 FILLER PIC X(24) VALUE "l&6010UCHOME:™.

L) FIELO-TAB=-A REDEFINES FIELOD=-TEBLE.
03 FIELD-TAB-EHNTEY OCCURE 4 TIMES.
0F ROW PIC 9(2).
0F COLUM PIC @(2).
15 PlELD=LENETH PIC o2y,
05 FROMET FIC x(14).

G=6 PROGRAMMING EXAMPLES



0l
a1

dl
0l

01
0l

nl

ROW-VWALUE Pil % (31 COMP.
ROW-¥ALUE-C REDEFINES ROW-vALUE PIT k{1].

COLOM-
COLIM-

YRLOE PIC 913) COMP.
YHhLOE=C HEDEFINES COLDM-VALDE BIC W(l}.

BSCAPER FIC 9[3) COMP VRLOE 27.
B5CAPE-C KEDEFINES ESCAFPER PiC XH[1).

CTHR BPIC 9(2].

PROCEDURE DIWISTOM.
LeQE,

* HS5C H mowves the curser ke the hnmelpusitiun,
* BT J cleats from the curgsor poeition to the

x end of the screeh.
DISPLAY ESCRPE-C "R E3CAPE-C "J".
FERTORM PEOC=FIELD VARYING CTRE FROM 1 BY 1
GMTIL £TR = 4.
FERFOEM ACCEPT-FIELLG WARYING CTR FROM 1 BY 1
OETIL CTR > 4.
IE TR < a9
G To LODE.
SETOP EUN.
PROC=-FIELD.

* Campute khe row and column values from the teble.
* plop, set the QOCURY DEPENDING ikem cto the langkth
af tne prompt.

E

BEREFGRM

COMP-LEN.

£ Tigplay kthe prompt.

ODISPLAY

ESChPFE-C "1

BOW-VALOE-C COLOM-YALOE-C

THPITT-

AREN HO ADVRNCTING.

ACCEFT-FIELD.

# Faromputa the prompt location.

PERFORK

COMP-T.EHN.

* Pasition the cursor at the end of the prompt.

ADD LASUE TQ COLOM-WALUE.

% Zpt the OCCURS DEPENDIMG item to kEhe length of
the expected input entry.

E ]

EOvE FIELD-LEMGTM(CTE) TO ILABUH,

PROGROUMMI N
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Display a =string of underecores the Same length

a3 the expected input entey.

HOVE ALL " "™ TO INFPUT-ARER.

DTSPLAY ESCAPE-C "v"
BEOW-YALUE=C COLEM-VALOE-C
" ® INFPUT-AREL.

Bepusition the curser to the begipning of the

inplk area.

LISFLAY ESCAPE-C "y "
BEOW-VALUGR-C COLUM-VALUE-C
" NG AOVAKCING.

Eabt the QCCORS DEEFENDHNG item to make INPUT-RREA

its maximum eize.

MOVE 10 19 1laZuE.
MOVE SPACES TO TNFUT-REEA.

Gk Ehe input,
ACCERPT IHEUT-AREL.
Thput proceezing code goas here.

TF IWMFOT-ARES = "QDET®
MOYTE 9] TO CTH.

DONCSTHING,

EXIT.

COMP-T.EN.

* Set the OCCORS DEPENMDING item to meke IMPUT-AREA

its maximum Size.

MOVE 10 T3 IASUB.

* Escape sequence row and cclumn values begin with 32,
=2 we add 31 to the row gnd ooelumno numbers.

*

ADD 1L BOW(CTE) GLVING ROW-VALUE.

ADD 31 COLDM (CTR) ZITVING COLUOM-VALDE.

Move the promiobk to the display area,

Ehen determine

ite length by locating the last chatacter [(:).

KOVE DPROMPT(CTR) 1O INYUT=-AREA.

PEEFORM DONOTHINMG VARYING IABOR FROM 1 BY 1

UNTLE TACHAR(IASUBR) = ™:".
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G.,3.2 BSample Run of ESCAPE

In this example of a screes during the erecution of ESCAPE, the
program has just accepked the peme and is waiting for the cperator to

enter the address.

ADODRESE:

HMAME: Robert Fried

PHONE =

CODE HMDMBER:

FPEOGRAMMING EXAMFLES G-8



d.4 CARLLING YAX/VMS EYSTEM BERVICES

Bysktem services are ptogeduress that the VEREAVME operating system gses
ta caontrol tesgurces available to proceeses, o &llow comounlcakbion
amohy processea, and to perform bazic operaking system functions.

Although wost system servicea zre opsed primarily by the operaking
system, yaua can f5¢ maby of them ynugaelf in WAX=11 COBOCL-T4 programs,

EysteT seevives are describad in the VAXASVAS System Services Rafarance
dilla k.

G.4.1 The COBOL Program, SYSTSYE
Thig program Z&lls two system services: SGETHSG and STRNLCG.

$GETHMEEG returng the text of a =svstem message to the caller, uzing the
unigue identification number that is assigned to earch system message.
Thi= program uSes SGETMSE to translate  the rekurn  Status  From  the
othot system seecvice, STRENLOG,

$TRNLCS translares & leglcal nmame and rekburns the eguivalence name
straing. I @alan rekturns ome of five retorn sEtatus cades=.

The program accepte a logicel nrame {rom the terminal. It then rcalls
STRHLDG [note that the pecfiz, 5¥5, 15 regquired) to get the
eguivalence name. Hecause the eguivalence name could itself be a3
logicel name, the program checka the return skatus: 1t tepeatedly

ralls 3ITRHLOG untll the return status indicatee Lhat ©#o trepslatlon
ooocureed.

IDENTIFICATION DTVISION.
PROGRAM-IT.

RTETEVE .
IHSTALLATION, DTGTTHRL EQUIFMENT CORPOBATION.

LB RS L SR S R R L N A RENY P FE LR R RS Y

* ¥
A Thio pragram demonstrates the use of the ¥
" CRLL statoment in calling YAX/VME System #
* Servicen. x
* x
k E

LR R RN AN L NSRS LRSI EIFILFTFE L SL FE L L F Y

ENVIRCNMENT DIVISION.
COMFIGURATION SECTLON.
BOLRCE=COMPUTER. VAax-11,
OQEJECT-COHNPTUTER. VaxK-11.
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DATR DIWVISIOH.
WORKING-STORACE SBCTION.

0l

0l
0l
nl
a1

LOG-5TRIAG.
0} LOS-CHAR PIC X OCCURS 1 b0 30 TIMES
OEFEWNDING OW LOG-LENGTH.
LOG-LENGTH PIS (2] .
LAG-NEME PIC X{30).
IN=2TE FILT 3{2].
WAME-LEWGTH FIC 5%{4] COMD.
TQUIV-HAME PTC K{J0) WALUE SPACES.
PHYSICAL-TEST REDEFIMES EQUIV=HAME.
173 pr-1-4.
13 PT-CHRR PIC X.
03 PFILLEER PIC Xi3].
02 DPHYSICAL=-NAME FIC X([Z&].
ESCRPFE-CHAR PIC 5(3} COMP YALDE 176.
EECAPE REDEFIKES ESCARE-CHAR PIC XK.
RE3 PIC 53{H)] COMEb.
Bd SUCCESSFIL  WALDE 1.
RESILT-WAME PIC X{30}.
OUT=-LEMGTH EIC E(4).
RESULT-DISP PIC G(&),
LUMMY-BREG DPIC 59¢9) £OMP VALDE 0,

MESSAGE—RRER .

03 HMESSEGE-CHAR CCCDRE 1 To 256 TIMES
DEPENOIHNG W MESSRACE-LEMGTH PIC ¥.

MESS5-LEN TIIC 9(3} COMP.

MESEMGE-LEMGTH PIC 9(B) COME.

MASK EFIC 9{B) TOMEF VALDOE IS 15,

MEG-VAILLUE PIC HX[4].

PROCEDUORE OIWISION,
STARTER SECTION.
SBEGINW,

DISFLAY "EWTER LOGICAL MAME: " NGO ADVAWNCING.
ARCCEPT LOG-MAME.

GLOCE.

*

PERFORM TRAMSLATE-LOGICAL-MAME.
PERFORM GET-REESOLT.
IF PT=-C{HAR = ESCAFPE
HOYE PIHYSICAL-NAME TO RESOLT-NAME
ELIH
MCVE BEQUIV-MAME TO BESULT-HAME.
MIVE NANE-LENGTH TO OUOT=-LEMGTH.
DISTLAY LOG-HAME "= ™ RESUOLT=-MAME.

If the tfamslation was performed,
use the result %o attempt furthet
translation.

TF BUOCCESSPUL
HMOVE RESTULE-NAAE TO LOG-HAME
SO TO SLOOP.

STOF ROMW.
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LA R BN N R N

FARMAFAFA AR At rErE A E N E A E kb At d

The fallaowing paragraph uses the contents of
LOG-5THING as an argument Eo the SYEFTRENLOG
Svatem Sarvice., The rranelated name is placed

from 5¥S5

AKENANKEA

STENLOG.

*
¥ *
* K
L *
* in BQUIV-HAME and the length of the resolt *
* ja ip RES-LEN. REZF cantaine the status code *
* *
* *
* *

F R AR AP AN R AR Er E N E N ENE T E TR e A E b kA kA

TRANSLATE-LOGICAL-MAME.
MOVE SPACES TO EQUEV-HAME.

HOVE 1

HOVE 3

Initlalize THSTRING pointer

™ TN-PTE.
Trnitiallze DEFERDING ON subscript
0 T0 LOG-LENGTH.

Creake eirimgy of exact length

UNSTRING LOG-NAME DELIMEITED BY ™ "

IHTO

ETETEA

IF L0
SURT
CALL ©
UsTH
BY

BY

oY

GET-RESULT
SBEEGIN.

nove 2

MOVE S5

capL "

[ISIH

BY

BY

BY

BY

BY

LOG=3TRING WITH POLWTER IN-PTR.

Fix up striog length Ecom politer.

CT & FROM IN-FPTR GIVING LOG=LENGTH.
Delete coloen from leglcal-name atring.

-CHAR (LOG-LERGTH} = ":®
BEACT 1 FROM LOG=LEMGTH.
EYS3TRELOGS
3 BY RESCRIPTOR LOG=STRING,
REFERENCE HNaME-LENGTH
DESCRIPTOR EQUIV-HAME
VALUE DUMMY-LRG, DUMMY-ARE, DHMMY=RARG
GIVING RES.

GECTTION.

G6 TO MESSAGE=LENGTH.

PRCES TO MESSAGE-LRER .
EYHEGETMEGT
3

vaLlE HES

REFERENCE MESS-LEW

LESCRIFTOR MESSAGE-ARER
VALUE MARSE
DESCRIBPTOR MSG-VALUE.

HCWE MESS=LEM TO MESSAGE-LENGTH.

DISPLA

PROGRAMML

¥ MEESAGE-RREA.

W EXAMFPLES
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G.4,2 gBample Run, SYSTEVC

L]

§ EUN SYSTSVC
ENTER LOGICAL MAME: COB5INPUT
$EYRTEM=F-NORMAL, normal auccessful completion

COBSINFUT = SYSFINFLT
ASYSTEM-S-HORMAL, normal succepsful completion
SYSFTHNRDT = TTE1l:
E5YETEM-5-HOTRAM, n¢ skring kranslaticn performed
TTELl:; = TTEl

e

PROGRAMMING EXLMPLEE G-13






ACCEPT, 6-20, 6-27, L-I8
decoss mode, 6-14
aOn, 4-17
multiple aperands, 4-1&
FaLim, Eile sperificeiion
gwitch, &-22
slphabetic class, 3-1
Alphanumeric class, 31-1
LLTER, 7-5
bmoiguitiea, DEBOG, 9-5
FBHSL_FOBRMAT, Z2-3
&PPLY, 6-17
Arithmetlc ceptesslon
processing, 4-21
tempadrary wotk atca, 4-21
Atithmetic stacements, 4-13
AS8IGN, a=20
AIS5IBN command, 2-12, 6-19%, 6-27
AT BND, 6-1&, 6-2&, 19-7

Binary, 4-1
Block, &-5

physicsal, §=5
Blecking, 6-%, l3=8
Breakpocint, DEBROG, %-5, S9-6
FBRIEF, LIWK gualifier, 2-18
Buckek, %5, 1l3-6
Puffer defanles, BEMS, 6-113
Buffers, B-13

multiple, &-13

sharing, 6-14

faching index roots, 13-6
CALL, &=1, G-4, G-1d
Calling
FORTRAN programs, =1
VAX=11 tun-time procedurcs, G-4
VAN/VMS sysStom services, G-1O
CaHCEL BRELE, DEBHUG comnand, %=A
CBNCEL MODULE, DEBUS commend, 9-3
CANCEL SCOPE, DEBUG command, %-3
CANCET. TRATCE, DEBDG command, 2-7
CANCEL WATCH, REBUS comoand, 9-E
CARD-READER, 6-27
Category, data, 3-1
Characters, sSpoeclal, 3-3
JoLin, file specification switch,
E=22
Class
data, 3-1
kegt, 4-T
J0G:n, flle gpecification switch,
6—-22
COBSCARDREADER, 6-2T
COBSCONSOLE, &—27
CABSINPOT, 6-23
CORSLIMEPRINTER, 6-27

TRLEX

COopanOTPUT, 6-28, B-29
CUBSPAPERTAPEPUHCE, B-27
COBSPAPTRTAPEREALDEER, G-
COBFEWITCHES, Z-lE, 2-11
Command gualifiers, <ompiler, 2-3
comMe, $-1
COMP-3, d4=Z2, 4-4, 6-24

nlgre, 4-3
COMF items in & tabhle, H-%4
Comparigat, I-€
Compiler ¢ammand

line, #-2

gualifier=s, 2-3
campller erecr, 10-3, F-1
fomputation, optlmizing, 13-9
COMPOTETIONAL. See COMP
COMBUTATIONAL=]. See COME-13
COMEBOTE, 4-24
Conditicn-names, 7=3, T-3
CONSOLE, &-27
conztant, figurative, 4-9
COKTINLE comeand, 2-13
Conventional Earmat, =1, 2-3,

-1, #-1
CoPY, #-3, l12-1, 12-2
CoOPY EEPLACTMG, 12-4
SCCPY LIST, 2-1
CORIREPONDIEG, 3-11
COURT, in STRING, 3-30
CREATE command, 2-2
SCRO53 REFERENCE, 2-3
FCROSS RETRRENCE, L1HE gquallfler,
2-9

CZTRLAY, 2-13

in BRITG, 9-9
Curcecnt recard area, &-10
rurecr addressing, G-6

Dakta

cateyory, 3-1

class, 21-1

maverent, 4-T
Data Divi=ion =ize limitation,

B-l
Neta item

elementary, 3-2

group, 3-4
Nata-pame limicacion, B-1
DEASSIGH command, 2-13
SDEBUG, 2-4
DEROG, 9-1
JORBDG, LLME gualitler, 2=10
SLERUG, BYY qualifier, 2-13
Debngging, 9-1
Decimal scaling, 4-3
DEFIME command, 2-12, 2-13

INDEX-1



THDEX (Coctinugd)

Pile, (continped})
DELIMITED 3Y -
in STRING, 1-16 recard I/G inkeyface,
in UNSTRING, 1-25 poi8 qorking, 11-2
LELTMITER, im UNSTRING, 3-11 secuentiol, L3-2
DEPOSTT, DEBUG command, 9-10 quentlal.
Device, §-18 ahar?nq, ETEJ
Diagnostic error meseages, 10-1 Epgclflcatlnn, E-ITI 6-18, 6-20
Direetory, B-13 switchea, &-19, &-22

DISPLAY =tatement limitation, B-1 Piles ’

DIYIDE, 4=1G

AQn, flle specification awitch, naming, 6-17

openlng, 6-14

E—32
/TW, file specification switch, Fixed-length record, 6-2
F—g32 Fotmat ] 21 aa .
. : _ conventional, 2-1, 2-3i, 7-1;
DYnamic qroup item, H-17 Hol

record, &-2

Edited move, 3-10, 4=10 referance, 2-1

gf;;é:i;rg_lu' i terminal, 2-1, 2-3, 7-1, &-1
item 322 FORIRAN programs
mnvc: -6, 4-% caliing, G-1
. ' files for, 6-24

Erterlnyg a source program, 2=2 r .

Ercot 4 pred ' AFULL, LINK gqualifier, 2=10
fatal, 2-7
I?G, g—325 Genaeral formats. A1

GIVING, 4-16
GO TO DEFEWNOING limitakion, B-1
G0, DEBDG command, %-8
GEDUR
move, 3=-9, 4-3
Group item, 3=2
dynamic, 517

MeSeade Summary, 2-7
messaqes, 10-]

mossages, camplile-time, 10-1
messages, diagnostic, 10-1
mesgaged, link-time, 10-5
meseaged, run—time, 10-5
procedures, T,0, ld-7

system, compile-time, 10-31, F=1 170
ESC character, G-0 buffer. B=13
ERcape sequences, S—h error procedures, 10-7

EXeMINE, DERDG command, 9-10
Examplen, programming, G-1
FEXRCUTARLE, LINK qualifier, 2-10
Executing a COBCL image, 212
EXI'L, DEBUGE commatd, 9-%

ereot procezsing, 6-25
Image execution, Z-12
SIRCLODE, LINK gqualifier, 2=10,

2-11
Index daka ltem, 5-15
Index—pame, 5—-13, 5-16

initiallzation, E-14
Index roots, caching, 13=-8
Indexed File, 6-%, 13-3
Indexe=, 5-13
Indexing, 5-3

relatdve, 5-14

Figuratlve constanz, 4-9
File
attribute, &-1
compatibility, §-24
desigr, l3i-2
disk, indexed, §=9

disk, relacive, &=E

. r - r INSFECT, 1-34
disk, seguentiasl, &-T r. N .
handling, £-1 lntifgidlate tesulta, 4-1%, 4-322,
I/% inkerface, in sorting, li=2

Interrupting imege, in DEETHGE, 9-9

indexed, 13-3
libracy, 12-2 %g”ﬁgfg KE¥Y, &-16, &-26, 10-7
[

magnetic tape, b=6b

name, 618 Juatified move, 3-11
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INDEX (Continued)

Fey buffer, in =ort, 1l=d
Fey, =ort, 11-3

Librarcy
facllilty, 1:2-1
file, 12=2
JLIBRARY , LINKE gquallfier, 2-11
Limitatlons, campller, B-1
LIMAGE, &6=-17
LINE-PRINTEE, 6-27
LINE camgandg, 2-7, 2-9
LINK gualifiers, 2-9
Link—time arroc messages; 10-3
Linking, 2-7
JLIBT, 2-4
Listing, program, C=1
Literal subscripking, 5=10
LD, file epecification switch,
f-22
Locatiang
DEBOG, refsolving ambiguities,
9-5
specifying In DEBRTNG, 9-4
Logical name, £=19, &=20, £=27

Magiuetic tape file, 6-6
JMAP, 2-3, C-2
AMAP, LINK guallifler, 2=11
ML, {ile speciflcatlon owlitch,
E-E3
Mhemonic—nemsa, §-27
MOVE, 3-B, 4-H
Mo e
edited, 3-10, 4-10
elemantacy, 2-%, 4-
group, -3, 4-8
justified, 3=11
subscripked, 3=-12
MOYE CORRESPONDIMG, 2-13
Multiple delimiters in DHSTRING,
3-218
Multiple operands, 4-16
Multiple recelving £fields, 2-12
MUOLTIPLY, 4-18

g

AHOLKSBI FORMAT, I=3
JSHOLOPY _LIST, 2-3
JHOCROSS REFERENCE, 2-3
HMode, G-1B

JHCDEBRUG, 2-4

JHODEGTGE, RUN qualifiec, 2-13
AHOLIST, 2-4

JHOMAR, 2-5

JHCOBJECT, Z-6

SHOVERB LOCATION, 21=6
SHOWARKTHGS ; 2-6
Humeric clase, 3=1

Bumer ic data, 4-1

/ORJECT, 2-6
oCCURS, 5-3%, 5-3, 5-9;, 5-13
open mode, 6-14
OPEN statsmenk cxecutlon, 6-16
Jpening files, 6-14
Jptimizaticn, 13-1
Jdptimizring computation, 13=9
OPTIONAL, §-16
JOPTIONS, LINK gual
OVERFLOW

in STRING, 3-13
in UNSTRING, 3-36

Facked-decimal, 4-2
BAPER-TREPE-PTUHCH; G
EFLPER=-TAPL=-READER,
FEFRFORM, 7-&
Fhyaical block, 6-5
EIC, 7=131

FICTORE, T-3
POINTEE

in SPRING, 3i-15
im NBTRING, 1-32

PRINT=CONTROL, &-17
Frocedure-name limitatlon, B-1
Programn

lieting, -1
organization, li-

1fler, 2-131

-27
f—27

o 13-9

a

Frogramming examples, G-1
Punctyation, use of

gualification, 7=9

limirakian, B-1
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Bevelving fields, multiple, 3-12
Becircd

Brea, cucrenk, 6-
aress, sharing, &
2locking, &-%
slze, 6-4

Record format, 6-2

fecard Management Servicea,

Eized-length, 6-Z
variable=kength,
WFC, 6-3

10

=11

b3

Fecard Unit Size, &6-5
Reference format, -1, ¥-1, H-
REFORMAT, -1
Relation test, 3-4,
Relative flle, 6-8,
Belative indexing,
RESERVE, 6-13
Restartimg program,
EM5, 6-1

THDEX-]

huffer defanlts,

1-6

13-2
G=14

in DEBTG,

B-113

B=1

9

a-g
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RODWOED, 4-14 subseripeed filolds
RTS5, 2-B in INSPECT, =47
RN command, 2-13 inh STRING, 3-2ZD0
Run—time in UNSTRING, 3-37
eLror messages, l0-3 Subeeripted nove, 3-12
procedures, callling, G-4 Subscripring, 5-9
Syatem, 2-B data-name, 5-12
Indexes, 5-13
SARME ARBA, 6-14, 6-1G literal, 5-10
ShHME RECORD ARER, 611 EUBTREACT, 4-1H
Scaling, decimal, 4-3 multiple operande, =14
Scope, DEBOG, 9-3 Bwikches
EEARCH, 5-17, 5-18, 5-19 file gpecification, 6-19%, B-22
SELECT, &-20 progrem, 2-12, 2Z-13
Yegquential SYHCHROMIZED, S-4
disk flle, 6-7 SYSSLIBRARY :CT4LIB/LIE, 2-B
Eille, 13-2 SYBELIBRARY : CTALIB/OFT, -5
EET, 3-lé Syatom eccor, compile-rime, 10-3,
SET BREAK, DEBUG command, 9-6 F-1
EET LAMNGURGE, DEBROS command, 9—=2 System messages, VANAVMS, 10-4
SET MODULE, QDERUG command, 9-% System services, calling, G-10
SET SCOPE, DEBUG command, 9-3 ’
BET THACE, DEBLG coammand, 9-h Tanle
SET WATCH, DEBDG command, 9-=7 handling, G-1
J5H, flle gpecification switch, raples
£-23 COM=E items in, S5-4
Sharing defining, &-1
buffere, &=14 lnltializing, &5=7
record areas, 6-11 variable=~length, 5-17
SHOW BREAK, DEDDG command, 9-5/ TALLYING
SHOW CALLE, DEBUG command, 9-9 in IH3PECY, 1-4H
EHOW LOGICAL command, 2-13 in MNSTRING, 3-34
SHOW MODULE, DEROG nommand, 2-1 Tape Eile, 6-&
3HOW SCOPE, DEETG command, Y9-3 Tesporary work area
SHOW TBRACE, DEEUG cammand, 9-7 arithmetic expression, 4-21
SHW WATCH, DEEUG command, %-E Teeminal escape Sequances, G-6
Sign teak, 4-7 Termingl Farmat, 2-1, 2=3, 7-1,
Signa, 4=4 g=1
COMP=-3, 4-3 Test
SIZE ERBROE, 4-15 clasg, 4-7
Software Performance Repott, T-2 telation, I=4, 4-§
gort keya, 11-3 slan, 4-7
S8ort subroutines, 1l-& Trageback, -4, 2-10. -9, 10-%,
Bprting, 11-1 10-E
file 170 interface, 1l1=2 FATRACEBACK, LINK quallfier, 2-10
tecord IS0 inkecface, 11-2 Tracepnint, DEBUG, 9=6, -7
gourece Llistieg, C-1
Epecial charasters, 3-3 UHSLRING, 3-22
SPECIAL=KAMES, €=27 FSE procedure, G-26
&FR, F-2
chatements VALUE, 5=7
aricthmecic, 4-123 voaLE OF ID, 6-20
STEP, DEBUZ command, -9 Yariable-lengch
STOF literal, 2-13 recard, &=
in DEBDE, 9=9 table, L-17
STRELNG, 3=-14 Variable with filxed-length
Subtoutines, sort:, 1l=-€ control record. Ses VPG

INDEX-4
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Yax=11 run-time procedures, Yeraion, file, 6=13
calling, G=+4 VRCG, 6-29%
Yax-11 Sorc, 11=1 ¥FC record, 6-3
VEX/YME zystem meseages, 10-4
VAXAVME gyotam services, calling, JHARNINGS, 2-B
G=10 Watchpolnt, DEBUG, 3=7, 3-H
SYERB_LOCATION, 2-6, C-2 AMItn, file epecification ewitch,
E—23
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